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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

The original appeal brief was timely submitted on June 14, 2006. This revised brief is 
submitted in response to the Notification of Non-Compliant Appeal Brief, mailed August 18, 2006, 
for which a response was due September 1 8, 2006. Filed herewith is a Petition and fee for a two 
months extension of time, extending the deadline for response to November 20, 2006 (November 
1 8**^ being a Saturday). Accordingly, this brief is timely filed. All issues noted in the Notification 
have bee addressed. 

Copies of the Appendices B and C were previously submitted with the original appeal brief, 
and copies are included herewith. 

The fees required under § 41.20(b)(2) were previously paid with the original appeal brief. 
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I. REAL PARTY IN INTEREST 

The real party in interest for this appeal is Agensys, Inc., having its principal place of 
business at 1545 17th Street, Santa Monica, CA 90404. 

II. RELATED APPEALS, INTERFERENCES, AND JUDICIAL PROCEEDINGS 

Applicants have appealed the final rejection issued in U.S. Patent AppHcation No. 
10/280,71 1, which is a continuation application of the present case. There are no other appeals, 
interferences, or judicial proceedings which will directly affect or be directly affected by or have a 
bearing on the Board's decision in this appeal. 

III. STATUS OF CLAIMS 

There are 12 claims pending in the present application. Claims 4, 6, 7, 9, 10, 12, 13, 78 and 
80-83 are pending and stand rejected. Claims 1-3, 5, 8, 1 1, 14-77, 79 and 84-88 have been 
canceled. The claims on appeal are claims 4, 6, 7, 9, 10, 12, 13, 78 and 80-83. 

IV. STATUS OF AMENDMENTS 

Applicants filed an Amendment After Final Rejection on October 27, 2005. The Examiner 
responded to the Amendment After Final Rejection in an Advisory Action mailed 
February 1 5, 2006. In the Advisory Action, the Examiner indicated that Applicants* proposed 
amendments to the pending claims were entered. Accordingly, the claims listed in Appendix A 
incorporate the amendments designated in the paper filed by Applicants on October 27, 2005. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

Of the claims on appeal, claims 4 and 12 are independent claims. Support for independent 
claim 4 can be found, for example, on page 217, lines 12-13 in the claim as originally filed, page 6, 
lines 5-10, in Figures Figure 2 A and 3 A, which disclose the amino acid sequence of the 108P5H8 
(SEQ ID NO:2570), at page 32, line 18 to page 34, line 37, which disclose 108P5H8 antibodies 
generally, methods for making antibodies against the proteins in Figures 2 and 3 are discussed at 
page 33, lines 12-18, antibodies or fi-agments thereof are discussed at page 34, lines 7-15, Example 
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8, at page 84, line 33 to page 86, line 33, discloses the generation of polyclonal antibodies against 
108P5H8, and Example 9, at page 86, line 35 to page 88, line 8 discloses the generation of 
monoclonal antibodies against 108P5H8. 

Support for independent claim 12 can be found, for example, in the claims as originally 
filed, particularly at page 217, line 32. Additional examples of support for claim 12 is found at page 
32, line 18 to page 34, line 37, which disclose 108P5H8 antibodies generally, methods for making 
antibodies against the proteins in Figures 2 and 3 are discussed at page 33, lines 12-18, monoclonal 
antibodies and thus hybridomas by implication are discussed at page 34, lines 1-6, and Example 9, 
at page 86, line 35 to page 88, line 8, which discloses the generation of monoclonal antibodies 
against 108P5H8. 

The subject matter of the pending claims relates to monoclonal antibodies and fragments 
thereof which specifically bind to a protein known as 108P5H8. Evidence provided in the 
specification indicates that this protein is expressed by both normal and cancerous prostate cells. 
Applicants have asserted that monoclonal antibodies that bind to the 108P5H8 protein are useful to 
treat prostate cancer, for example, by serving as a delivery vehicle by which cytotoxic agents can be 
administered to a prostate cancer patient. Whether the antibodies bind to non-cancerous prostate 
cells in the prostate cancer patient is not relevant to the question of whether the claimed invention is 
'^iseful" because the prostate is a disposable organ. Support for the claimed subject is found 
throughout the specification as originally filed. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The sole issue on appeal is whether the subject matter of the pending claims is supported by 
either a credible, specific and substantial asserted utility, or a well-established utility. The 
companion rejection of these claims under 35 U.S.C. § 1 12, first paragraph for an alleged lack of 
enablement depends entirely on the rejection under 35 U.S.C. § 101 . Thus, resolution of the utility 
rejection simultaneously resolves the rejection for an alleged lack of enablement. 
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VIL ARGUMENT 

A. Applicants have Asserted a Credible, Specific and Substantial Utility, which is 
Supported by Experimental Data Presented in the Specification and During 
Prosecution 

For the purposes of prosecution and now for the present appeal, Applicants assert that the 
monoclonal antibodies or antigen binding fragments thereof recited in the pending claims are usefiil 
to treat prostate cancer. 

[A] specification disclosure which contains a teaching of the manner and process of 
maJcing and using the invention in terms which correspond in scope to those used in 
describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first paragraph of § 112 unless there is 
reason to doubt the objective truth of the statements contained therein which must be 
relied on for enabling support. In re Brana, 51 F.3d 1560 (CAFC 1995), citing In re 
Marzocchi. 58 C,CP,A. J 069, 439 FM 220, 223, 169 aS.RQ, (BNA) 367, 369 (CCPA 
1971)(emphasis added). 

The specification is replete with explicit assertions regarding the utility of antibodies raised 
against the 108P5H8 protein for the treatment of prostate cancer. For example: 

"The invention further provides antibodies that bind to 108P5H8 proteins and polypeptide 
fragments thereof, including polyclonal and monoclonal antibodies, murine and other 
mammalian antibodies, chimeric antibodies, humanized and fully human antibodies, and 
antibodies labeled with a detectable marker or therapeutic agent." Paragraph [0028] of the 
published application. 

Additional examples of disclosure within the specification alleging a therapeutic utility for 
antibodies against the 108P5H8 protein are found in paragraphs [0212], [0216], [0298]-[0303], and 
[03 7 1 ] of the published application. 

The robust disclosure filed in this case includes other assertions of utility, such as the use of 
antibodies which recognize the 108P5H8 protein for diagnostic purposes. However, these 
assertions are not presently asserted by Applicants. Furthermore, whether or not these altemative 
assertions of utility are operative is of no relevance to the present issue because they are not being 
asserted. Moreover, assertion of even a single, legally sufficient utility is enough to satisfy the 
statutory requirement. See, e.g., Raytheon v. Roper, 724 F.2d 951, 958, 220 USPQ 592, 598 (Fed. 
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Cir. 1983), cert, denied, 469 U.S. 835 (1984) ("When a properly claimed invention meets at least 
one stated objective, utility under 35 U.S.C. 101 is clearly shown."); M.P.E.P. § 2107.02. 

The cited portions of the specification provided above clearly indicate that Applicants have 
asserted at least one use for the claimed subject matter; 

B. Applicants have Provided Sufficient Evidence to Demonstrate the Utility of the 
Claimed Invention 

To satisfy the enablement requirement an applicant need only supply enough evidence to 
convince one of ordinary skill in the art that there exists a "sufficient likelihood" that the claimed 
invention possesses the asserted utility. See, e.g., Brenner v. Manson, 383 U.S. 519, 532 (1966); In 
reJolles, 628, F.2d 1322, 1326 (CCPA, 1980) citing In re Irons, 340 F.2d 974 (CCPA, 1965) 
("Proof of utility is sufficient if it is convincing to one of ordinary skill in the art."). "The amount 
of evidence required depends on the facts of each individual case. The character and amount of 
evidence needed may vary, depending on whether the alleged utility appears to accord with or to 
contravene established scientific principles and beliefs. Id, (citations omitted). As discussed below, 
Applicants have provided sufficient evidence to convince one of ordinary skill in the art that the 
presently claimed invention is useful for its intended purpose. 

1 . Evidence of Utility in the Specification 

There is sufficient evidence in the application as filed to support the asserted utility for the 
claimed invention. Applicants noted in the Response to final Office Action mailed October 27, 
2005 that the data in Figure 21 and discussed in Example 8 of the specification indicates that 
antibodies made against the 108P5H8 protein were capable of binding to the protein expressed on 
the surface of prostate cancer cells. Figure 21 shows LNCaP and LAPC4 cells that were subjected 
to flow cytometric and fluorescence microscopic analysis of 108P5H8 expression using an anti- 
108P5H8 polyclonal antibody or control rabbit IgG. Fluorescence was monitored following 
incubation with an FITC-conjugated anti-rabbit IgG secondary antibody. The detected fluorescence 
on the surface of the target cells clearly indicates that the 108P5H8 protein is expressed on the 
surface of these cells. Based on this evidence, it would be clear to one of ordinary skill in the art 
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that 108P5H8 proteins encoded by and translated from the mRNA detected in the target cells have 
substantial utility as a marker which can be used to target prostate cancer cells. 

In addition to this evidence, Example 8 also discusses evidence of antibody binding to the 
target protein shown in Figures 22-24. Furthermore, Examples 50 and 51 also discuss using 
antibody-mediated histochemical procedures to detect the presence of the 108P5H8 marker protein 
on the surface of prostate cancer cells. 

This data taken as a whole is more than sufficient to provide one of ordinary skill in the art 
that the claimed antibodies would bind to the 108P5H8 protein on the surface of prostate cancer 
cells. Specifically, the data shows that antibodies labeled with a marker are capable of targeting 
prostate cancer cells. The data also shows that the utility asserted by Applicants does not 
contravene established scientific principles and beliefs. As such, Applicants submit that the 
quantum of proof provided in the specification is more than sufficient to satisfy the utility 
requirement. 

2. Evidence of Utility Provided During Prosecution 

In addition to the data disclosed in the specification which indicates the utility of the claimed 
invention, Applicants provided declaratory evidence in support of the asserted utility during the 
prosecution of the present case. First, Applicants offered the declaration of Dr. Karen Jane Meyrick 
Morrison under Rule 1.132. This declaration showed immunohistochemistry data where prostate 
tumor samples were tested with a polyclonal antibody which bound to SEQ ID NO: 2570, a form of 
the 108P5H8 protein. The staining of the tumor sample clearly showed the test antibody bound to 
the target antigen. This data clearly demonstrates that the protein recited in the claims is recognized 
and bound by antibodies such as those recited in the claims. 

Second, Applicants offered the declaration of Dr. Steven B. Kanner to demonstrate that the 
expression of the target protein by normal prostate as well as cancerous prostate cells did not 
undermine the utility of the invention. A number of therapeutic antibodies that cross-react with 
normal tissues are on the market, such as Herceptin® and Erbitux®, and enjoy substantial 
commercial success. For example, it is known in the art that these antibodies cross-react with 
normal tissues other than the targeted cancer tissue, such as cardiac tissue. Nevertheless, both of 
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these products enjoy immense commercial success. The declaration of Dr. Steven B. Kanner shows 
that one of ordinary skill in the art would not have thought the presently claimed antibodies to lack 
utility since other therapeutic antibodies that cross react with normal tissues were useful therapeutic 
agents. Moreover, Dr. Kanner's declaration clearly demonstrates that the use of an antibody that 
cross-reacts with normal tissue does not contravene established scientific principles and beliefs. 

In view of the above, Applicants submit that declaratory evidence provided during 
prosecution both supports Applicants' assertion of utility and shows that cross reactivity with 
normal tissue does not undermine the utility of the claimed subject matter. 

C. The Asserted Utility is Credible, Specific and Substantial 

Once a utility has been asserted it is the Office's initial burden to establish whether a skilled 
artisan would consider the asserted utility to be credible, specific and substantial See In re Brana at 
1566. The Examiner has failed to meet this initial burden. Nevertheless, Applicants describe in 
detail below how the asserted utility for the claimed invention is credible, specific and substantial. 

1. Credible Utility 

"To violate [35 U.S.C.] 101 the claimed device must be totallv incapable of achieving a 
usefiil result ." Brooktree Corp, v. Advanced Micro Devices, Inc., 977 F.2d 1555, 1571, (Fed. Cir. 
1992) (emphasis added). As discussed in the M.P.E.P. at section 2107.01, situations where an 
invention is completely inoperative are rare and examples where the rejection has been upheld on 
appeal are rarer still. The Office alleged that the asserted utility is not credible but has not stated 
why one of ordinary skill in the art would believe that the invention was completelv inoperative . 
The data provided in the specification as well as by declaratory evidence shows that antibodies 
made against the protein of interest are capable of binding to prostate cancer cells. Thus, there is 
sufficient evidence to support the asserted utility. 

The Examiner alleged that because the target protein is expressed on both normal and 
cancerous prostate cells, one of ordinary skill in the art would doubt the usefiilness of the claimed 
antibodies. However, the Kanner declaration shows that the concept of using an antibody for 
treating cancer is well established, even when that antibody cross-reacts with normal tissue. 
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Additionally, given the disposable nature of the prostate organ, cross-reactivity of the antibody with 
normal and cancerous prostate cells would not be viewed by those of ordinary skill in the art as 
being detrimental to the utility of the claimed antibodies. In view of this showing, Applicants 
submit that those of ordinary skill in the art would, more likely than not recognize the presently 
asserted utility as credible. 

2. Specific Utility 

"[A] specific utility is particular to the subject matter claimed and would not be applicable to 
a broad class of invention." In re Fisher, 421 F.3d 1365, 1372 (CAFC 2005) {citing MPEP 
§2107.01), In Fisher the court noted, "[a]ny EST transcribed from any gene in the maize genome 
has the potential to perform any one of the alleged uses." Id. at 1375. Such is not the case here. 
Applicants have presented data that the claimed antibodies bind specifically to the 108P5H8 protein, 
thus this protein can be used to target cells that express it. Because the protein is expressed on 
cancerous prostate cells, antibodies that recognize that protein will target those cancerous prostate 
cells. In view of the specific relationship existing between the protein and it presence on cancerous 
prostate cells, the presently asserted utility for the claimed antibodies as a treatment for prostate 
cancer is sufficiently specific to* satisfy this prong of the test. 

3. Substantial Utility 

A substantial utility is one that defines a "real world" or a "practical" use. In re Brana at 
1371; MPEP §2107.01. "'Practical utility is a shorthand way of attributing 'real-world' value to 
claimed subject matter. In other words, one skilled in the art can use a claimed discovery in a 
manner which provides some inmiediate benefit to the public." Nelson v. Bowler, 626 F.2d 853, 
856 (C.C.P.A. 1980) Any reasonable use asserted by an applicant that provides a public benefit 
"should be accepted as sufficient, at least with regard to defining a 'substantial' utility." MPEP 
§2107.01, 5ee also Nelson at 856. Moreover, "[k]nowledge of the pharmacological activity of any 
compound is obviously beneficial to the public." Nelson at 856. 

As a preliminary matter. Applicants have asserted that the claimed antibodies are usefiil as a 
therapeutic agent for treating prostate cancer. It is upon this assertion that the issue of utility turns. 
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In the Advisory Action, the Examiner has improperly intermingled therapeutic and diagnostic uses 
of the claimed antibodies in her analysis of the issues. Applicants are not presently asserting a 
diagnostic use for the claimed subject matter. As such, criticisms of such a use are not relevant to 
determining whether the claimed subject matter is usefiil as a therapeutic agent for the treatment of 
prostate cancer. 

The Examiner alleged, for example in the Advisory Action, that there is evidence that the 
target protein could be expressed in both normal and cancerous prostate. The Examiner goes on to 
allege that one of ordinary skill in the art would not be able to use the claimed antibodies to treat 
prostate cancer if there is not differential expression of the target protein between normal and 
cancerous prostate cells. Applicants disagree with the Examiner. There is nothing in the record or 
in the art as a whole that would lead one of ordinary skill in the art that the presently claimed 
invention lacked a substantial utility. As discussed above, other anti-tumor antibodies cross-react 
with normal tissue and yet are effective in the treatment of cancer. As such, this criticism is 
insufficient to support a lack of utility rejection. In view of the data provided in the specification as 
well as the art-recognized need for additional prostate cancer markers, Applicants submit that the 
specification clearly asserts a substantial utility for the claimed invention. 

D. Differential Expression of the 108P5H8 Protein is Not Required for the Claimed 
Invention to be Useful 

The heart of the Examiner's allegation that the claimed antibodies lack utility lies with the 
observation that Applicants have not provided any evidence that the target protein 108P5H8 is 
overexpressed in cancer cells as compared to normal cells. Contrary to the Examiner's position, 
overexpression of the target protein on prostate cancer cells versus normal cancer cells is not 
necessary for the claimed antibodies to be useful as a therapeutic agent. This is because the prostate 
is a disposable organ, so the claimed antibodies need not be able to differentiate between normal 
and cancerous prostate cells to be useful. Thus, the presence or absence of differential expression is 
not relevant to the question of utility for the claimed invention. 

Overexpression of the target protein is not required for the claimed antibodies to be useful as 
a therapeutic because the prostate is a disposable organ. If a patient has cancer in an organ that is 
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essential for life, say liver cancer for example, then ideally the cancer therapy used to treat the 
patient will not unnecessarily target non-cancerous tissue.' A therapy that indiscriminately targets 
normal tissue would likely to cause more harm than good. However, the prostate is not an essential 
organ. 

Those of ordinary skill in the art recognize that the prostate is a completely disposable 
organ, meaning that a human male can live without a functioning prostate. This point is supported 
by the conraion practice of surgically removing cancerous prostates from individuals diagnosed 
with prostate cancer. (See the National Cancer Institute's web site at 

http://www.cancer.gOv/cancertopics/pdq/treatment/prostate/Patient/page4#Keypointl4). Thus, it is 
not necessary for the claimed antibodies to be able to distinguish between normal prostate cells and 
cancerous prostate cells that display the target protein, since the killing of normal prostate cells will 
not negatively impact the patient. In view of the disposable nature of the prostate, it is not 
necessary to demonstrate overexpression of the target protein in cancerous prostate cells to 
demonstrate that the claimed antibodies are useful. 

Moreover, the Federal Circuit has cautioned that the test for utility is not the- same test as 
that for drug approval. In re Brana at 1567. Additionally, whether a claimed invention has been 
shown to be safe for human use is similarly not part of the test for utility. In fact, the CCPA has 
held that claims may satisfy the utility requirement despite a lack of safety. In re Jolles, 628 F.2d 
1322, 1325-1326 (CCPA 1980). All that is required to prove utility is evidence adequate to show a 
sufficient likelihood of success. The evidence discussed above provides that modicum of proof. As 
such, the present rejection for an alleged lack of utility should be withdrawn and the claims 
advanced to issuance. 

CONCLUSION 

The threshold of utility is not high under 35 U.S.C. § 101 ; an invention is useful if it is 
merely capable of providing some identifiable benefit. Juicy Whip, Inc. v. Orange Bang, Inc, 51 
U.S.P.Q.2d 1700, 1702 (Fed. Cir. 1999) (citing Brenner v. Manson, 383 U.S. 519, 534 (1966)). 

' Applicants note that whether a claimed composition or method is safe or even effective from a 

medical standpoint is not part of the test for utility. See, e.g., In re Anthony, F.2d 1383 (CCPA 1969) and In re 
Watson, 517 F.2d 465 CCPA 1975), both cited in In re Jolles, 628 F.2d 1322, 1326. 
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Applicants have satisfied the statutory requirement for demonstrating that the claimed invention is 
useful. Evidence supporting the utility of the invention is present both in the specification as filed 
as well as in the prosecution history. The evidence proffered is more than adequate to support the 
utility asserted by Applicants. As such, the Board is respectfiiUy requested to overturn the present 
rejection and advance the case to issuance. 

VIII. CLAIMS APPENDIX 

A copy of the claims involved in the present appeal is attached hereto as Appendix A. As 
indicated above, the claims in Appendix A includes the amendments filed by Applicant on 
October 27, 2005. 

IX. EVIDENCE APPENDIX 

Copies of the Morrison and Kanner Declarations are provided at Appendix B. 

X. RELATED PROCEEDINGS APPENDIX 

A copy of the Appeal Brief filed in U.S. Patent Application No. 10/280,71 1 is provided at 
Appendix C. 

Dated: November 17, 2006 Respectfully submitted, 




/^RegistraponNo.: 44,957 
MORRfeON & FOERSTER LLP 
12531 High Bluff Drive 
Suite 100 

San Diego, California 92130-2040 
(858) 720-7940 
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APPENDIX A 

Claims Involved in the Appeal of Application Serial No. 10/024,652 

4. An isolated monoclonal antibody or antibody fragment that specifically binds to a 
protein having an amino acid sequence of SEQ ID NO: 2570. 

6. The antibody or antibody fragment of claim 4, wherein the monoclonal antibody is 
recombinantly produced. 

7. The antibody or antibody fragment of claim 4, wherein the antibody or fragment is 
labeled with a detectable marker. 

9. The antibody or antibody fragment of claim 4, wherein the fragment is selected from 
the group consisting of Fab, F(ab')2, Fv and sFv. 

10. The antibody or antibody fragment of claim 4, wherein the antibody is a human 
antibody, a humanized antibody or a chimeric antibody. 

12. A hybridoma that produces monoclonal antibody that specifically binds to a protein 
having an amino acid sequence of SEQ ID NO: 2570. 

13. The antibody or antibody fragment of claim 6, wherein the monoclonal antibody is a 
single chain monoclonal antibody. 

78. The antibody or antibody fi-agment of claim 4, wherein the antibody or fragment is 
labeled with an agent. 

80. The antibody or antibody fragment of claim 78, wherein the cytotoxic agent is 
selected from the group consisting of radioactive isotopes, chemotherapeutic agents and toxins. 

81 . The antibody or antibody fragment of claim 80, wherein the radioactive isotope is 
selected fi-om the group consisting of ^'^At, ^^*I, ^^^I, ^^^Re, *^^Re, ^^^Sm, ^^^Bi, ^^P and 
radioactive isotopes of Lu. 
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82. The antibody or antibody fragment of claim 80, wherein the chemotherapeutic agent 
is selected from the group consisting of taxol, actinomycin, mitomycin, etoposide, tenoposide, 
vincristine, vinblastine, colchicine, gelonin, and calicheamicin. 

83. The antibody or antibody fragment of claim 80, wherein the toxin is selected from 
the group consisting of diphtheria toxin, enomycin, phenomycin, Pseudomonas exotoxin (PE) A, 
PE40, abrin, abrin A chain, mitogellin, modeccin A chain, and alpha-sarcin. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: 
Challita-Eid, Pia M., et al. 

Application No.: 10/024,652 

Filed: December 17, 2001 



Art Unit: 1647 



Examiner: B. Bimner 



For: Nucleic Acid and Zinc Transporter Protein 
Entitled 108P5H8 Useful in Treatment and 
Detection of Cancer 



DECLARATION OF KAREN JANE MEYRICK MORRISON 
UNDER 37 C.F.R.§ 1.132 



Conmiissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, Karen Jane Meyrick Morrison, declare as follows: 

1 . I have a Ph.D. in Pathology from The University of Southampton, U.K. I have 
worked in the field of histopathology and immunohistochemistry for nearly 25 years. A copy of my 
curriculum vitae is attached as Exhibit A. 



2. I hold the position of Research Scientist III at Agensys, Inc., and I supervise the 
tissue analysis facility and staff. I carry out all procedures associated with histology, including the 
preparation, processing, cutting, staining, and analysis of samples by histological, histochemical and 
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immtmohistochemical techniques. These activities include analyses of tissues and cells by bright 
field microscopy, fluorescence microscopy and computer-aided systems. 

3. We tested the expression of 108P5H8 protein by immxinohistochemistry in tumor 
specimens of prostate cancer and lung cancer. Formalin fixed, paraffin wax-embedded tissues were 
cut into 4 micron sections and mounted on glass slides. The sections were de-waxed, rehydrated 
and treated with antigen retrieval solution (citra: BioGenex, San Ramon, California) at high 
temperature. Sections were then incubated in polyclonal rabbit anti-108P5H8 antibody for 3 hours. 
The slides were washed three times in buffer and further incubated with DAKO EnVision+™ 
peroxidase-conjugated goat anti-rabbit immunoglobulin secondary antibody (DAKO Corporation, 
Carpentaria, CA) for 1 hour. The sections were then washed in buffer, developed using the DAB kit 
(SIGMA Chemicals), nuclei are stained using hematoxylin, and analyzed by bright field 
microscopy. The cells which contain antigen immimoreactive with the 108P5H8 antibody stain 
brown. 

Exhibit B shows two panels showing a prostate cancer specimen. Panel A shows a prostate 
cancer specimen treated with the antibody indicating strong expression of 108P5H8 protein in the 
tumor cells (brown coloration). Expression of 1 08P5H8 protein was detected throughout the tumor 
cells. Panel B shows an adjacent section of the prostate cancer specimen with the antibody directed 
to 108P5H8 protein omitted fi"om the treatment, showing no brown staining. Blue coloration is 
hematoxylin, a nuclear stain. 
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4. In my expert opinion, the results above clearly show that: 

(i) 1 08P5H8 protein is produced in prostate cancer and can be detected by 
immunohistochemistiy as set forth in the specification and confinned by the protocols set 
forth above. 

(ii) As a general matter, as set forth in the specification, the level of expression of 
108P5H8 is higher in cancer tissue than in normal tissue. 

5, In summary, in view of the specification and confimfiation shown in the attached 
Exhibits, it is apparent that 108P5H8 protein can be used to elicit the production of antibodies 
immunoreactive with 108P5H8 protein and the 108P5H8 protein is useful in detecting the presence 
of cancer. 
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I declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further, that these statements 
are made with the knowledge that willful, false statements and the like so made are punishable by 
fme or imprisonment or both, imder Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Executed at Santa Monica, Califomia, on this of October 2005. 




Karen Jane Meyrick Morrison 
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Exhibit A 

CURRICULUM VITAE: 

KAREN JANE MEYRICK MORRISON 

CURRENT RESPONSIBILITIES: 

Group Leader of Tissue Analysis Group. 

Responsible for all histopathology including: 

Immunohistochemistry: Identification and evaluation of antibodies produced to company's proprietary 
targets. 

Tunnor models: Assessment of 'in vivo' models by histological and immunohistochemical methods. 



TRAINING/QUALIFICATIONS: 

1998 

1985 
1979 
1978 



PhD., Department of Pathology, University of Southampton, U.K. 
Title of thesis: An investigation of inflammatory cells in asthma as studied 
by immunohistochemical techniques on bronchial biopsies. 

Fellow. Institute of Biomedical Sciences, U.K. 

Associate, Institute of Biomedical Sciences, U.K. 



BSC. (Hons.) 2.2 Zoology, 
University of Southampton, U.K. 



I. EMPLOYMENT 
PRESENT EMPLOYMENT: 
April 2001 - present 

PREVIOUS EMPLOYMENT: 

July 1994- 
January 2001 

September 1993 - 
July 1994 

June 1992 - 
August 1993 



Research Scientist III, Agensys, Inc., 1545 Seventeenth Street, 
Santa Monica, OA 90404. 



B.M.S. 3 (Biomedical Scientist 3), Cardiothoracic Surgery, 

Imperial College School of Medicine at Harefield Hospital, Harefield, U.K. 

Research Associate, Smooth Muscle Group, 
U.M.D.S., St. Thomas's Hospital, London, U.K. 

Research Associate. Department of Medicine, 

University of Southampton at Southampton General Hospital, Southampton, 
U.K. 
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October 1988* 
May 1992 



Research Assistant, Department of Medicine, 

University of Southampton at Southampton General Hospital, Southampton, 
U.K. 



September 1987 
October 1988 



B.M.S. 2, Department of Histopathology, 

Royal Victoria Hospital, Bdscombe, Bournemouth, U.K. 



January 1986 - 
September 1987 



B.M.S. 2, Department of Pathology, 

University of Southampton at Southampton General Hospital, Southampton, 
U.K. 



November 1979 
January 1986 



B.M.S. 1, Department of Pathology, 

University of Southampton at Sbuthampton General Hospital, Southampton, 
U.K. 



July 1978- 
November 1979 



Junior 'B' B.M.S., Department of Pathology, 

University of Southampton at Southampton General Hospital, Southampton, 
U.K. 



EXPERIENCE: 



• General histology. All general histological techniques including the sample preparation, processing, 
cutting and staining of sections from a variety of frozen, paraffin and resin embedded tissue. 

• Immunohistochemistry. Extensive knowledge of numerous immunohistochemical techniques in a 
variety of tissue and cell preparations. These include the development and adaptation of various 
methods in frozen, paraffin and resin embedded preparations. 

• Quantitative techniques. Methods for the evaluation of cells and tissue sections using both manual 
and computer-aided systems. 

• In situ hybridisation. The use of non-radiolabeled techniques for the demonstration of mRNA in tissue 
sections. 

• Responsibility. Instrumental in the establishment and day to day running of immunohistochemistry 
and general histology units previously for the Department of Medicine, Southampton General 
Hospital; Smooth Muscle Group, St Thomas's Hospital and Department of Cardiothoracic Surgery, 
Imperial College at Harefield Hospital and in the current post 

• Training and supervision. The training and supervision of undergraduate and PhD 

students, biomedical scientists, academic research staff and clinicians undertaking projects requiring 
histological techniques. Teaching immunohistochemistry to visitors from other research institutions 
both in the U.K. and abroad. 



• Computer literacy. Literate in a broad spectrum of software including Office, image analysis and 
statistical packages. 

KAREN JANE MEYRICK MORRISON 
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PUBLICATIONS: 

Judd MA and Britten (now Morrison) KJM. (1982) Tissue preparation for the demonstration of surface 
antigens by immunoperoxidase techniques. Histochemical Journal 14- 747 - 753. 

Stratford N, Britten KJM and Gallagher PJ. (1985) Inflammatory infiltrates in human coronary 
atherosclerosis. Atherosclerosis 59: 271 - 276. 

Jones DB, Britten KJM, de Sousa M and Wright DH. (1985) The distribution of ferritin and ferric iron in the 
spleens of lymphoma patients and controls. In: Proteins of the Biological Fluids, Volume 32. Eds: H Reefers. 
Pergamon Press: Oxford. 

Jones DB, Britten KJM and Wright DH. (1986) The staining of a panel of routine diagnostic tissue biopsies 
with workshop 'L' series antibodies. In: Leucocyte typing, Volume 2. Chapter 24. Eds; Reinherz and Nadler. 
Springer-Verlag: Berlin. 

Britten KJM, Jones DB, de Sousa M and Wright DH. (1986) The distribution of iron and iron binding proteins 
in spleen with reference to Hodgkin's disease. British Journal of Cancer 54: 277 - 286. 

Mepham BL and Britten KJM. (1990) Immunocytochemical techniques in lymphoreticular pathology. In: 
Lymphoproliferative Diseases. Chapter 12. Eds: Jones and Wright. Kluver Academic Publishers: London. 

Djukanovic R, Wilson JW, Britten KJM, Wilson SJ, Walls AF, Roche WR, Howarth PH and Holgate ST. 

(1990) Quantitation of mast cells and eosinophils in the bronchial mucosa of symptomatic atopic asthmatics 
and healthy control subjects using immunohistochemistry. American Review of Respiratory Disease 142: 863 
-871. 

Holgate ST. Djukanovic R, Wilson JW, Roche WR, Britten KJM and Howarth PH. (1991) Allergic 
inflammation and its pharmacological modulation in asthma. International Archives of Allergy and Applied 
Immunology 94- 210 - 217. 

Howarth PH, Wilson JW, Djukanovic R, Wilson SJ, Britten KJM, Walls AF, Roche WR and Holgate ST. 

(1991) Ainway inflammation and atopic asthma: a comparative bronchoscopic investigation. International 
Archives of Allergy and Applied Immunology 94: 266 - 269. 
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Djukanovic R, Wilson JW, Britten KJM, Wilson SJ, Walls AF, Roche WR. Howarth PH and Holgate ST. 
(1992) Effect of inhaled corticosteroid on airway inflammation and symptoms in asthma. American Review of 
Respiratory Disease 145: 669 - 674. 

Djukanovic R, Lai CKW, Wilson JW. Britten KJM, Wilson SJ, Walls AF, Roche WR. Howarth PH and 
Holgate ST. (1992) Bronchial mucosal manifestations of atopy: a comparison of markers of inflammation 
between atopic asthmatics, atopic non-asthmatics and healthy controls. European Respiratory Journal 5: 538 
-544. 

Montefort S, Roche WR, Howarth PH. Djukanovic R, Gratziou C, Carroll MP. Smith L, Britten KJM, Haskard 
DO, Lee TH and Holgate ST (1992). Intracellular adhesion molecule-1 (ICAM-1) and endothelial leucocyte 
adhesion molecule-1 (ELAM-1) expression in the bronchial mucosa of normal and asthmatic subjects. 
European Respiratory Journal 5: 815 - 823. 

Bradding P, Feather IH, Howarth PH, Mueller R, Roberts JA, Britten KJM, Bews JPA, Hunt TC, Okayama Y, 
Heusser CH, Bullock GR, Church MK and Holgate ST. (1992) Interleukin 4 is localised to and released by 
human mast cells. Journal of Experimental Medicine 176: 1381 - 1386. 

Britten KJM, Howarth PH and Roche WR. (1993) Immunohistochemistry on resin sections. A comparison of 
resin embedding techniques for small mucosal biopsies. Biotechnic and Histochemistry 68: 271 - 280. 

Bradding P, Roberts JA, Britten KJM, Montefort S, Djukanovic R, Mueller R, Heusser CH, Howarth PH and 
Holgate ST. (1994) Interleukins 4, 5 and 6 and tumour necrosis factor a in normal and asthmatic airways: 
evidence for the human mast cell as an important source of these cytokines. American Journal of Respiratory 
Cell and Molecular Biology 10: 471 - 480. 

Amrani M, Latif N, Morrison K. Jayakumar N, Goodwin A, Gray C, Dunn M and Yacoub M. (1998) Relative 
induction of heat shock protein (HSP70) in coronary endothelial cells versus cardiomyocytes. Implications for 
myocardial protection. Journal of Thoracic and Cardiovascular Surgery 115 : 200 - 209. 

Chester AH, Borland JAA, Morrison KJM, Amrani M, Thom S McG and Yacoub MH. (1998) Reactivity of 
small intra-myocardial arteries from atherosclerotic and non-atherosclerotic human hearts. Journal of 
Vascular Research 35: 170 - 178. 
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Allen S, Dashwood M, Morrison K and Yacoub MH. (1998) Differential leukotrlene constrictor responses in 
human atherosclerotic coronary arteries. Circulation 97: 2406 - 2413. 

Borland JA, Chester AH, Morrison KJM and Yacoub MH. (1998) Alternative pathways of angiotensin II 
production in the human saphenous vein. British Journal of Pharmacology 
125: 423-428. 

Chester AH, Morrison KJM and Yacoub MH. (1998) Expression of vascular adhesion molecules in 
saphenous vein coronary bypass grafts. Annals of Thoracic Surgery 65: 1685 - 1689. 

Petrou M. Clarke S. Morrison K, Bowles C, Dunn M and Yacoub M. (1999) Clenbuterol increases specific 
power and twitch speed of skeletal muscle for cardiac assist. Circulation 
99: 713-720. 

Ensminger SM, Witze O, Spriewald BM, Morrison K, Morris PJ, Rose ML and Wood KJ (2000). CD8+ T 
cells contribute to the development of transplant arteriosclerosis despite GDI 54 blockade. Transplantation 
69: 2609-2612. 

Ensminger SM, Spriewald BM, Witze O, Morrison K, Morris PJ, Rose ML and Wood KJ (2000). Intragraft IL- 
4 expression following CD154 blockade may trigger delayed development of transplant arteriosclerosis in the 
absence of CD8+ T cells. Transplantation 70: 955 - 963. 

Raisky O, Morrison KJM, Obadia JF, McGregor J, Yacoub MH and Rose ML (2001). Acute rejection and 
cardiac graft vasculopathy in the absence of donor derived ICAM-1 or P-selectin. Journal of Heart and Lung 
Transplantation 20: 340 - 349. 

Abusnara HJ, Smolenski RT. Morrison K, Yap J, Sheppard MN, O'Brien T, Suzuki K, Jayakumar J and 
Yacoub MH (2001). Efficacy of adenoviral gene transfer with manganese superoxide dismutase and 
endothelial nitric oxide synthase in reducing ischemia and reperfusion injury. European Journal of 
Cardiothoracic Surgery 20: 153 - 158. 

Ensminger SM, Spriewald BM. Witze O. Morrison K, Pajaro OE, Rose ML and Wood KJ (2002). Kinetics of 
transplant arteriosclerosisin MHC-Class I mismatched and fully allogeneic mouse aortic allografts. 
Transplantation 73: 1 068 - 1 074. 
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Misfeld M, Morrison K. Sievers H, Yacoub MH and Chester, AH (2002) Localization of immunoreactive 
endothelin and characterization of its receptors in aortic cusps. Journal of Heart Valve Disease IJ.: 472 - 476. 



Weekes J, Morrison K, Mullen A, Wait R, Barton P and Dunn MJ (2003) Hyperubiquitination of proteins in 
dilated cardiomyopathy. Proteomics 3: 208 - 216. 



Raisky O, Spriewald BM, Morrison KJ, Ensminger SM, Mohieddine T, Obadia JF, Yacoub MH and Rose ML 
(2003). CD8(+) T cells induce graft vascular occlusion in a CD40 knockout donr/recipient connbination. 
Journal of Heart and Lung Transplantation 22: 177 - 183. 
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Exhibit B 

108P5H8 Protein Expression in Prostate Cancer Tissue 

Panel A 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: 
pia M. CHALLITA-EID ct al. 



Examiner: Bridget E. Buimer 



Application No.: 10/280,711 



Group Art Unit: 1647 



Filed: October 25, 2002 

For NUCLEIC ACID AND ENCODED 
ZINC TRANSPORTER PROTEIN 
ENTITLED 108P5H8 USEFUL IN 
TREATMENT AND DETECTION OF 
CANCER 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

I, Steven B. Kaimer» declare as follows: 

1 . I am Director of Cancer Research at Agensys, Inc. In this position I direct 
researcli and development to identify and validate novel cancer targets. In addition, I oversee 
research and development of new cancer dier^eutics and diagnostics involving these targets. 
We investigate the effects of specific genes and gene products on tumor development, growth, 
and progression. I regularly attend national and international conferences addressing issues in 
cancer research, conferences where established as well as cutting edge ideas are presented 

I have a Ph.D. in Immunology and Microbiology from the University of Miami, Miami> 
Florida. In addition, I completed a postdoctoral fellowship in the Cancer Center at the 
University of Virginia. T have worked in the field of molecular biology at the doctoral level for 
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over 19 years. Accordingly. I have extensive experience in novel target identiiication and 
validation, assay development, monoclonal antibody and smalt molecule drug discovery, with 
particular expertise in oncology, immunology and inflammation. A copy of my curriculum vitae 
is attached as Exhibit A. 

2. This submission is made in support of the proposition that targeted antitumor 
therapies are usefiil even when the targeted pmtein is expressed on nonnal tissues, including 
nonnal vital organ tissues. A vital organ is one that is necessary to sustain life, such as the heart 
or liver. A non-vital organ is one that can be removed whereupon the individual is still able to 
survive. Examples of non-vital organs are ovary, breast, and prostate. Two exenqplary proteins 
will be discussed, HER2/neu and q)idennal growth factor recq>tor (EGFR). 

3. Herceptin® is an FDA approved biologic that has as its active ingredient an 
antibody which is iniununoreactivc with the protein known synonymously as HER2, HER2/neu, 
or erb-B2. It is marketed by Oenentech and has been a commercially successful antitumor agent. 
Herceptin net sales reached S483 million in 2004 and in 2003 net sales were approximately i$42S, 
an increase of 10 percent over sales in 2002 (see Exhibit B). The success of Hercqptin is 
indicated by both the volume and trend of its sales figures. During the period it has been 
maiketed, its sales numbers have consistently increased. 

4. Herceptin is FDA ^proved as a treatment for HER2 positive metastatic breast 
cancer (see Exhibit C). However, the expression ofHER2 is not limited to such tumors. The 
same protein is expressed in a number of normal tissues. 
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5. The diverse expression of the H£R2/ncu protein is indicated in Exhibit d} 
Exhibit D provides data panels for three different GenBank dqsosits of H£R2/neu sequence. 
The comparative data in Exhibit D ^ow levels of HER2 above the median in numerous noimal 
tissues. In particular, attention is called to the levels present in kidney and heart. The levels in 
kidney are consistently shown as higher dian diose in heart It is emphasized that these values 
are for normal tissue; thus these tissues are present in all human recipients of Hercqptin. 

6. the expression of HER2/neu in a diverse array of normal and malignant tissues 
was eonohorated by studies eondtieted at Agensys» assignee of the present case, by use of RT- 
PGR (Exhibit F). Again, significant expression of HER2/neu was noted in heart and kidney. 
Further coiroboration of normal expression of HER2/neu by immimohistochemistry is set forth 
in Exhibit G. In Exhibit G« positive staining for the presence of HER2/neu was found in normal 
kidney and colon tissue. Additional confirmation of the presence of HER2/neu in normal kidney 
is provided by Latif» et al.^ A$ shown in this aiticle (which evaluated whether renal cell 
carcinoma should be a preferred indication for anta-IiER2 antibodies such as Hercqitin)i both 
protein and mRNA are produced in benign renal tissues. Notably, HER2Aieu protein was 
strongly overexpressed in benign renal tissue (see page 8, left hand column last paragraph of 
Latif,etaI.X 

7. Despite the fiict that HER2/neu is expressed in such vital tissues as heart and 
kidney, Herceptin is FDA-svproved, commercially successflil, and is very useful as an anti- 
tumor agent The effect of Herceptin on cardiac tissue^ i.e.. ''caidiotoxicity/' has been a limited 



' The expreuioa data id Exhibit D was esiablished using gene chip technology; see Su, c( al, PNAS Froc- 
Ngtl Acad. ScL USA. Vol. 99, Issue 7. 44^5-4470, April 2, 2002« Exhibit £. Hie results for HER2 are available on 
the GNF Gene Expression Atlas website http:y/expres5ion.enf OfS/cgi-bin/index.cgi. 

^ Ladf. Z.. et al.. BJ.U. hitematlcinal (2002) S9:S-9 (E)diibii M) 
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Side eflect to treatment. When patients were treated with Herceptin alone, significant 
cantiotoxipity occurred in a very low percentage of patients. 

8. Of particular note, although the data shows that kidney tissue exhibits evm higher 
expression than cardiac tissue, nephrotoxicity has not been an appreciable side effect of 
Herceptin treatment at all. In fact, of the diverse noimaJ tissues in which HER2 is expressed, 
there is very little occurrence of any side effect. Only cardiac tissue has manifested any 
appreciable side effect at all. A tissue such as kidney, where H£R2/neu expression is 
appreciable, has not been the locus for any side effect.^ 

9. Taken together, this documentation establishes that production of a target protein 
such as HER2/neu on normal tissue, even vital normal tissue, does not defeat the utility of the 
piotein as a therapeutic for certain tumors in which the protein is also expressed.^ Such 
physiolo^c outcomes, where there is normal tissue expression of a cancer-associated protein 
target, are not unique to HER2/heu as will be discussed below. 

1 0. Several anti-cancer therapeutic products that tai-get the epidermal growth factor 
rec^tor (EGFR) are presently in clinical evaluation.^ The rationale for EGFR-targeted anti- 
cancer treatments is both q)preciated and well-aocq^ted.^ One such treatment compositioa is 
Eibitux™ (also known as cetuximab or C22S). The active ingredient in Erbitux is an antibody 
which is iinmunoreactive with the EGFR. Erbitux antibody has been shown to block the 



' See Exhibit C, the product ixifoxmation for Hcrceptiii^ for an overview of side effect issues 

^ This is ]>articularly true where the tai^et protein. fi3 with H£R2/oeu is expressed at higher levels in tumor 
cells relative to normal tissue. la one embodiment, overeiqiressicin in tumor tissue can provide for altefed» e.fi., 
enhanced* protein avaiiabUity for antibody binding. 

^Baselga, J., Oncolopist 7 (supp. 4):2-8 P002) (Exhibit I) 

'Id. 
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pxoliferation of various cancer cells.^ The successful use of Eibitux is shown, for example, by 
the net sales in 2004 reaching S260.8 million. (Exhibit K). 

1 1 . EGFR is therefore being used and evaluated as a target for treatment of patients 
with breast» head and neck, lung, kidney and prostate cancer.^ However, the expression of EGFR 
is not limited to such tumors, this protein is expressed in a diverse array of nomial tissues. 

12. EGFR protein is extensively expressed in adult humans. It is present on all 

» q>ithelial and stromal cells, select glial and smooth muscle cells»' oral and laryngeal mucosa'^; 
brain;^* liver,'^ prostate;^^ placenta;''* stomach and colon;'^ and skin.'^ It is to be noted that since 
it is expressed in these nomaal tissues, EGFR is present in all human recipients of any EGFR- 
targeted tfaer^y. 

13. Despite the fact that EGFR is expressed in numerous normal tissues, including 
vital tissues such brain and colon, tfierqieutics ttiat target EGFR are veiy usefiil and are in active 
development The only significant side effect of such ther^eutics has been on skin as an 
acneiform rash. This has merely been a side effect to treatment. This side effect is so minor 
that it is used as an indication that therapeutically effective dosage levels have been achieved.'^ 
Notably, the side effect is a relatively innocuous signal that an individual has achieved a 
therq)eutically effective dose. 



' Busam, ct aL Br. J. Demi. 144:1 169-1 176 at 1 169 (2001) (Exliiblt S) 
^ Busang et a], xu/^ni 

* Wella. A.. Int Biachem ACeU Biol. 31,^^7-643 at 640 f 1999^ (Exhibit 

ChristengetL M.. Dan Med Bull, 4S(2):121-I34 f Apr. 1998) (Exhibit M) 
" Ftirer. ctal.. Prog. Nciirobiol. 49(2V.99-I23 (Jim 1996) (Exhibit N) 

Luwar, et al.. Cancer Res. 61:5355-5361 (July 15, 2001) (Exhibit O) 

Dc Mi^l ci al., Cytokine 1 1(9):722.727 (Sep 1999) (Exhibit P) 
" Mauro, et aL, Rq«^. Fertfl. Devcl. 7(6): 1465-1470 (1995) (Exhibit Q) 

Challier and Menard. Frontiera in Biaaci, 4!87-10] at sections 4.2 and 4.3 (January 15, 1999) (Exhibit R) 

Jost» et al. Eur. J. Dennatol. 10(7):505-S10 (Oct-Nov 2000); Luww, et al.. Cancer Res. 61;5355-5361 
(July 15, 2001) (Exhibits) 

" BusaiD. et a], supra; Van Dooni^ et aL. Br. J. Derm 147:598-601 (2002) (Exhibit T) 

Abgenix Press release 20 Aug 2002 (Exhibit U) 
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1 4. The data on EGFR establi^es that expression of a target protein $uch as EGFR in 
noimal tissue, even vital normal tissues, does not preclude the utility of the protein as a 
tfioapeutic target for certain tumors in which the protein is also highly expressed.^' 

15. In sununary, targeted antitumor therapies are useful even when the targeted 
protein is exi^essed on normal tissues, even normal vital organ tissues. The ability to use a 
cancer-associated protein in this manner is not unique to any particular protein. The existence of 
expression of a protein on a normal tissue, including vital organ tissues, still allows for 
Tneaningful and successful use of that protein as a therapeutic target 



See footnote 4, supra 
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I declare that all statements made herein of my own knowledge are true and that all 
statements made on information and betief are believed to be true; and further, that these 
statements are made with the knowledge that willful, false statements and the like so made are 
punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United Stales 
Code and that such willful &lse statements may jeopardize the validity of fhe application or any 
patent issued thereon. 

Executed at Santa Monica, California, this /tf" day of Smtember 2005. 
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Steven Brian Kanner, Ph.D. 

Agensys, Inc. 
1545 17^ Street 
Santa Monica, CA 90404 
Phone: 310.820.8029 (ext. 104) 

Fax: 310.820.8489 
E-mail: skanner@agensys.com 

PROFILE 

Pharmaceutical/Biotechnology research leader with extensive experience in novel target identification and 
validation, screen development and both small molecule drug and antibody discovery, with expertise in 
oncology, immunology and inflammation. Self-motivated strategic planner, skilled in motivating, 
developing, hiring, managing and building scientific teams to expedite novel drug/therapeutic candidate 
discovery for clinical trial consideration. 



PROFESSIONAL EXPERIENCE 

AGENSYS, iNC 2003- 
Santa Monica, CA 

Director, Cancer Research 

Direct a research group including 20 scientists (Ph.D. and research associates) to identify, validate and 
develop novel targets for the generation of new therapeutics for cancer. Prioritize in-house portfolio for 
evaluation of targets for either monoclonal antibody development or for alliances for small molecule 
development or vaccine generation. Report to the Chief Scientific Officer. 

• Establish teams for the validation of targets using molecular, biochemical and cellular technologies to 
evaluate novel genes for identifying new monoclonal antibody based cancer therapies 

• Lead joint oversight committees with outside collaborators on alliances for propritetary targets to 
develop monoclonal antibody, small molecule and vaccine approaches 

Bristol-Myers Squibb Pharmaceutical Research Institute 1990 - 2003 

Princeton, NJ (in Seattle,WA from 1990-1997) 

Associate Director, Immunology and Oncology Drug Discovery (1999 - 2003) 

Directed a research group including 25 scientists (Ph.D. level and research associates) to identify, validate 
and develop novel targets for therapeutic intervention in both immunological/inflammatory diseases and 
cancer. Managed annual research budget for group ($500K) for laboratory operations, travel and training of 
scientific staff. Senior leader guiding the direction of the research effort in all pre-clinical drug discovery 
phases, including administrative functions, reporting to the Vice President of Immunology and Oncology 
Drug Discovery. 
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• Established a research group to identify novel targets for therapeutic intervention in both 
immunological/inflamniatory diseases and cancer. Group developed reagents, assays, screens and 
analyses on over fifteen targets for future drug discovery projects 

• Validated novel targets through bioinformatics, microarray technologies, Taqman for expression 
profiling, transgenic mouse development and analysis, flow cytometry, full-length cloning, monoclonal 
antibody generation and general protein expression/purification 

• Generated eight new screening assays (enzymes, protein-protein interactions, receptor systems) in 1 .5 
years with reduced cycle time (3-6 month turnaround time) from target validation to screening campaign 

• Transitioned an early-phase project on Itk kinase to full-phase status in 1 999 (screening campaign, lead 
identification, followed by significant chemistry support for SAR), taking a small molecule inhibitor to 
preclinical animal model testing stages and identifying efficacious compounds 

• In-licensed a project on p38 from an external partner at an early phase, then transitioned it to frill-phase 
status (1999). Developed a small molecule drug candidate (2001) for IND toxicology and phase I study 

• Developed a Src kinase project (1997-2000) in immunology before transitioning program to Oncology, 
with discovery of an optimized small molecule currently ready for phase I studies 

• Co-chaired the Exelixis Oncology alliance, established to identify new targets for cancer. Nine new 
targets for oncology were identified in 1.5 years, and three high throughput assays were established 

• Served on immunology/inflammation licensing team for identifying outside opportunities, and served on 
pulmonary licensing team and subcommittees for early-stage external technologies. Efforts led to the in- 
licensing of the p38 project and licenses for using inflammatory target technologies 



Principal Scientist, Immunological Diseases (1997 - 1999) 

Established a Signal Transduction group to identify small molecule therapeutics to treat immunological and 
inflammatory disorders. Group included 4 Ph.D. level investigators and 1 1 associate scientists involved in 
projects relating to targeting intracellular signaling components for identification of new drug candidates 

Senior Researcli Investigator n. Immunodeficiency and Immunomodulation (1993 - 1997) 
Seattle, WA (former Oncogen biotechnology company purchased by Bristol-Myers Squibb Company) 

Senior Research Investigator I, Immunodeficiency and Immunomodulation (1990 - 1993) 
Seattle, WA (former Oncogen biotechnology company purchased by Bristol-Myers Squibb Company) 

University of Virginia, Department of Microbiology and Cancer Center 1986 - 1990 
Charlottesville, VA 

Postdoctoral fellow, Oncology (advisor: J. Thomas Parsons, PhD.) 

• Identified novel mechanisms of p60*"^ activation in carcinogen-transformed embryonic cells 

• Discovered novel tyrosine-phosphoyrlated substrates of the p60^ oncogene by monoclonal antibody 
generation and biochemical characterization 

• Commercialized monoclonal antibodies to FAK, tensin, pi 20^, pp60*", phosphotyrosine and cortactin 
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EDUCATION 



Ph.D. 



University of Miami (Immunology and Microbiology) 



B.A. 



University of California, Berkeley (Genetics) 



HONORS. AWARDS. SCHOLARSfflPS AND FELLOWSHIPS 



Bristol-Myers Squibb Excellence Awards 

NIH Postdoctoral Fellpwship Grant (F32-CA08316), University of Virginia 
Presidential Scholarship, University of Miami 
Honors Society, University of California, Berkeley 



1996-2002 
1987-1990 
1981 . 1986 
1979-1980 



PROFESSIONAL AFJILIATIONS 

American Association for Cancer Research 
American Association of Immunologists 
American Society for Microbiology 
American Association for the Advancement of Science 



AD HOC EDrrORLU. ACnVITY 

Journal of Immunology Molecular and Cellular Biology 

JI: Cutting Edge Oncogene 

Journal of Clinical Investigation Journal of Cellular Physiology 

Journal of Biological Chemistry Antiviral Chemistry & Chemotherapy 

Proc. Natl. Acad. Sci. USA Blood 



SELECTED INVITED PRESENTATIONS 

Regulated association between the SH3 domain of the Emt/Itk tyrosine kinase and multiple intracellular 
ligands. Lymphocyte Signal Transduction Workshop, Santorini, Greece (October, 2000) 

Signal transduction through the T4ymphocyte receptors CD2 and LFA-L Sugen, South San Francisco, 
California (June, 1996) 

Lymphocyte antigen receptor activation of a novel FAK-related tyrosine kinase substrate. Lymphocyte 
Activation Meeting, Keystone Symposia on Molecular and Cellular Biology, Keystone, Colorado (April, 
1994) 

T-cell signaling via integrin receptors and immunoglobulin-superfamily molecules. University of Chicago, 
Committee on Immunology Seminar Series, Chicago, Illinois (March, 1994) 

T-cell signaling through integrins and Ig superfamily receptors, Seattle Biomedical Research Institute, 
Seminar Series, Seattle, Washington (March, 1993) 
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printegrin signaling in T-cells through PLCyl is TCR-dependent. Keystone Symposium on 
Phosphorylation/Dephosphorylation in Signal Transduction, Keystone, Colorado (January, 1993) 

Regulation ofTCR-induced PLCyl tyrosine phosphorylation by CD45. Plenary seminar at Biochemical 
Immunology Group Colloquium on the Structure and Function of the Leukocyte Common Antigen CD45, 
Edinburgh, Scotland (September, 1 99 1 ) 



PATENTS AND INVENTIONS 

Raitano, A., S. B. Kanner, P. Challita, J. J. Perez- Villar, W, Ge, and A. Jakobovits. Nucleic acids and 
corresponding proteins entitled 158P3D2 useful in treatment and detection of cancer. November, 2004 

Kanner, S. B., A. Raitano, P. Challita, J. J. Perez- Villar, W. Ge, and A. Jakobovits. Nucleic acids and 
corresponding proteins entitled 58P1D12 useful in treatment and detection of cancer. US-200501 36435- 
Al; August, 2004 

Raitano, A., P. Challita, J. J. Perez-Villar, W. Ge, S. B. Kanner and A. Jakobovits. Nucleic acids and 
corresponding proteins entitled 109P1D4 useful in treatment and detection of cancer. WO-04098515-A2; 
April, 2004 

Barrish, J. C, J. Das, S. B. Kanner, C. Liu, S. H. Spergel, J. Wityak, A. M. P. Doweyko, and J. A. Furch. 
Thiazolyl inhibitors of Tec &mily tyrosine kinases. US6706717; March, 2004 

Jakobovits, A., R. K. Morrison, A. B. Raitano, P. M. Challita-Eid, J. J. Perez-Villar, K. J. M. Morrison, M. 
Paris, W. Ge, , J. Gudas and S. B. Kanner. Nucleic acid and corresponding protein named 158P1D7 useful in 
the treatment and detection of bladder and other cancers. WO-04072263-A2; February, 2004 

Kanner, S. B., A. Raitano, A. Jakobovits, P. Challita-Eid, W. Ge, J. J. Perez-Villar and M. Paris. Nucleic 
acids and corresponding proteins entitled 254P1D6B useful in treatment and detection of cancer. US-2004- 
0214212-Al; January, 2004 

Perez-Villar, J. J., H. Chang, W-P. Yang, Y. Wu, G. S. Whitney and S. B. Kanner. Identification and cloning 
of a full-length human Clnk-related gene, MIST (Mast Cell Immunoreceptor Signal Transducer). 
US-020155563.A1; October, 2002 

Chang, H., W-P. Yang, Y. Wu, G. S. Whitney, J. J. Perez-Villar and S. B. Kanner. Cloning and expression of 
human SLAP-2: a novel SH2/SH3 domain-containing human SLAP homologue having immune cell-specific 
expression. WO-0242457.A1; May, 2002 

Kanner, S. B., A. B. Reynolds, S. J. Parsons and J. T. Parsons. Monoclonal antibodies to pl25''^, pi 20"", 
cortactin, \)p6(f^ and tensin. Licensed and commercialized from the University of Virginia to Upstate/Cell 
Signaling Solutions; 1991 

Kanner, S. B., A. B, Reynolds and J. T. Parsons. Monoclonal antibody 6G9 to phosphotyrosine. Licensed and 
commercialized from the University of Virginia to Covance, Inc/Berkeley Antibody Company; 1991 
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PUBLICATIONS 

1. Parks, W. P,, G. B. Scott, S. B, Kanner, E. S. Hubbell, M. A, Fischl, G. M. Dickinson and E. R. Schiff. 
(1984) Acquired immunodeficiency syndrome and human T-cell leukemia virus in Miami: a household 
approach. In Human T-cell Leukemia Viruses (R. C. Gallo, M . Essex, and L. Gross, eds.). Cold Spring 
Harbor Press, New York. pp. 381-391 

2. Kanner, S. B., C. Cheng-Mayer, R. B. Geffin, W. P. Parks, G. A. Beltz, L. O. Arthur, K. P. Samuel and 
T. S. Papas. (1986) Human retroviral env and gag polypeptides: serologic assays to measure infection. 
J. Immunol 137:674-678 

3. Kanner, S. B., E. S. Parks, G. B. Scott and W. P. Parks. (1 987) Simultaneous infections with human T 
cell leukemia virus type I and the human immunodeficiency virus. J, Inf, Dis, 155:617-625 

4. Kanner, S. B., S. J. Parsons, J. T. Parsons and T. M. Gilmer. (1988) Activation of pp60^-^''^ tyrosine 
kinase specific activity in tumor-derived Syrian hamster embryo cells. Oncogene 2:327-335 

5. Reynolds, A. B., D. J. Roesel, S. B, Kanner and J. T. Parsons. (1989) Transformation-specific tyrosine 
phosphorylation of a novel cellular protein in chicken cells expressing oncogenic variants of the avian 
cellular 5rc gene. MoL Cell. Biol 9:629-638 

6. Kanner, S. B., T. M. Gilmer, A. B. Reynolds and J. T. Parsons. (1989) Novel tyrosine phosphoryla- 
tions accompany the activation of pp609"*^ during chemical carcinogenesis. Oncogene 4:295-300 

7. Kanner, S. B,, A. B. Reynolds and J. T. Parsons. (1989) Immunoaffinity purification of tyrosine- 
phosphorylated cellular proteins. J. Immunol Methods 120:115-124 

8. Reynolds, A. B., S. B. Kanner, H-C. R. Wang and J. T. Parsons. (1989) Stable association of activated 
pp60^'''^ with two tyrosine-phosphorylated cellular proteins. Mol Cell Biol 9:3951-3958 

9. Ely, C. M., K. M. Oddie, J. S. Litz, A. J. Rossomando, B, Kanner, T. W. Sturgill, and S. J. Parsons. 
(1990) A 42 kD tyrosine kinase substrate linked to chromaffin cell secretion exhibits an associated 
MAP kinase activity and is highly related to a 42 kD mitogen-stimulated protein in fibroblasts. 

J. Cell Biol 110:731-742 

10. Kanner, S. B., A. B. Reynolds, R. R. Vines and J. T. Parsons. (1990) Monoclonal antibodies to 
individual tyrosine-phosphorylated protein substrates of oncogene-encoded tyrosine kinases. 
Proc. Natl Acad, ScL USA 87:3328-3332 

11. Kanner, S, B,, A. B. Reynolds and J. T. Parsons. (1991) Tyrosine phosphorylation of a 120-kDa 
ppeo^'"^ substrate upon epidermal growth factor and platelet-derived growth factor receptor stimulation 
and in polyomavirus middle-T-antigen-transformed cells. Mol Cell Biol 11:713-720 

12. Bouton, A. H., S. B. Kanner, R. R. Vines, H-C. R. Wang, J. B. Gibbs and J. T. Parsons. (1991) 
Transformation by pp60^'**^ or stimulation of cells with epidermal growth factor induces the stable 
association of tyrosine phosphorylated cellular proteins with GTPase activating protein. 

Mol Cell Biol 11:945-953 
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13. Bouton, A. H., S- B. Kanner, R. R. Vines and J. T. Parsons. (1991) Tyrosine phosphorylation of three 
cellular proteins correlates with transformation of rat 1 cells by pp60^'*^. 

MoL Carcinogenesis 4:145-152 

14. Kanner, S. B., A. B. Reynolds, H-C. R. Wang, R. R. Vines and J. T. Parsons. (1991) The SH2 and 
SH3 domains of pp6(K''^ direct stable association with tyrosine-phosphorylated proteins pl30 and pi 10. 
EMBOJ, 10:1689-1698 

15. Wu, R, A. B. Reynolds, S. B. Kanner, R. R. Vines and J. T. Parsons. (1991) Identification and 
characterization of a novel cytoskeleton-associated pp6(K''^ substrate. 

MoL Cell. Biol. 11:5113-5124 

16. Ledbetter, J. A., S. B. Kanner, G. L. Schieven and J. Deans. (1991) Transmembrane signals in T cells: 
tyrosine phosphorylation regulates phospholipase C activation. In Signaling Mechanisms in Secretory 
and Immune Cells (J. R. Martinez, B. S. Edwards and J. C. Seagrave, eds.), San Francisco Press, 
Califomia. pp. 51-56 

17. Kanner, S. B., T. J. Kavanagh, A. Grossmann, S-L. Hu, J. B. Bolen, P. S. Rabinovitch and J. A. 
Ledbetter. (1992) Sulfhydryl oxidation down-regulates T-cell signaling and inhibits tyrosine 
phosphorylation of phospholipase Cyl. Proc. Natl. Acad. ScL USA 89:300-304 

18. Kanner, S. B. and J. A. Ledbetter. (1992) CD45 regulates TCR-induced signalling through tyrosine 
phosphorylation of phospholipase Cyl . Biochem, Soc. Trans. 20: 1 78-1 84 

19. Turka, L. A., S. B. Kanner, G. L. Schieven, C. B. Thompson and J. A. Ledbetter, (1992) CD45 
modulates T cell receptor/CD3 -induced activation of human thymocytes via regulation of tyrosine 
phosphorylation. Eur. J. Immunol. 22:551-557 

20. Kanner, S. B., J. P. Deans and J. A. Ledbetter. (1992) Regulation of CD3-induced phospholipase 
C-gammal (PLCyl) tyrosine phosphorylation by CD4 and CD45 receptors. 

Immunology 75:441-447 

21. Deans, J. P., S. B. Kanner, R. M. Torres and J. A. Ledbetter. (1992) Interaction of CD4:lck with the T 
cell receptor/CD3 complex induces early signaling events in the absence of CD45 tyrosine phosphatase. 
Eur. J. Immunol. 22:661-668 

22. Kanner, S. B., N. K. Damle, J. Blake, A. ArufFo and J. A. Ledbetter. (1992) CD2/LFA-3 ligation 
induces phospholipase-Cyl tyrosine phosphorylation and regulates CD3 signaling. 

J, Immunol. 148:2023-2029 

23. Sancho, J., J. A, Ledbetter, M-S. Choi, S. B. Kanner, J. P. Deans and C. Terhorst. (1992) CD3-C 
surface expression is required for CD4-p56'^*-mediated up-regulation of T cell antigen receptor-CD3 
signaling in T cells. J. Biol Chem. 267:7871-7879 

24. Gilliland, L. K., G. L. Schieven, N. A. Norris, S. B. Kanner, A. Aruffo and J. A. Ledbetter. (1992) 
Lymphocyte lineage-restricted tyrosine-phosphorylated proteins that bind PLCyl SH2 domains. 

1 Biol, Chem, 267:13610-13616 
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25. Aruffo, A., S. B. Kanner, D. Sgroi, J. A. Ledbetter and I. Stamenkovic. (1992) CD22-mediated 
stimulation of T cells regulates TCR/CD3-induced signaling. 

Proc, Natl Acad, ScL USA 89:10242-10246 

26. Kanner, S. B., N. 0dum, L. Grosmaire, S, Masewicz, A. Svejgaard and J. A. Ledbetter. (1992) 
Superantigen and HLA-DR ligation induce phospholipase-Cy 1 activation in class IT^ T-cells. 
y./wwM/io/. 148:3482-3488 

27. Kavanagh, T. J., A. Grossmann, J. C. Jinneman, S. B. Kanner, C. C. White, D. L. Eaton, J. A. Ledbetter 
and P. S. Rabinovitch. (1993) The effect of l-chloro-2,4-dinitrobenzene exposure on antigen receptor 
(CD3)-stiniulated transmembrane signal transduction in purified subsets of human peripheral blood 
lymphocytes. Toxicol. Appl Pharmacol 119:91-99 

28. Ledbetter, J. A., J. P. Deans, A. Aruffo, L. S. Grosmaire, S. B. Kanner, J. B. Bolen and G. L. Schieven. 
(1993) CD4, CDS and the role of CD45 in T-cell activation. 

Curr. Opin, Immunol 5:334-340 

29. 0dum,N.,S,B.Kanner, J. A. Ledbetter and A. Svejgaard. (1993) MHC class II molecules deliver 
costimulatory signals in human T cells through a functional linkage with IL-2-receptors. 

y. Immunol 150:5289-5298 

30. Chalupny, N. J., S. B. Kanner, G. L. Schieven, S. Wee, L. K. Gilliland, A. Aruffo and J. A. Ledbetter. 
(1993) Tyrosine phosphorylation ofCD19 in pre-B and matures cells. £4/507.12:2691-2696 

3 1 . Kanner, S- B,, L. S. Grosmaire, J. A. Ledbetter and N. K. Damle. (1993) ^2'^^^^^^ LFA-1 signaling 
through phospholipasc-Cyl activation. Proc. Natl Acad. ScL USA 90:7099-7103 

32. Whitney, G. S., P-Y. Chan, J. Blake, W. L. Cosand, M. G. Neubauer, A. Aruffo and S. B. Kanner. 

(1993) Human T and B lymphocytes express a structurally conserved focal adhesion kinase (ppl25^^). 
DNA Cell Biol 12:823-830 

33. Parsons, M., J. A. Ledbetter, G. L. Schieven, A. E. Ncl and S. B. Kanner. (1994) Developmental 
regulation of pp44/46, tyrosine-phosphorylated proteins associated with tyrosine/serine kinase activity in 
Trypanosoma bruceL Mol Biochem. Parasitol 63:69-78 

34. Chan, P-Y., S. B. Kanner, G. S. Whitney and A. Aruffo. (1994) A transmembrane-anchored chimeric 
focal adhesion kinase is constitutively activated and phosphorylated at tyrosine residues identical to 
ppHS*'^. J. Biol Chem, 269:20567-20574 

35. Schieven, G. L., R. S. Mittler, S. G. Nadler, J. M. Kirihara, J. B. Bolen, S. B. Kanner and J. A. 
Ledbetter. (1994) ZAP-70 tyrosine kinase, CD45, and T cell receptor involvement in UV- and H2O2- 
induced T cell signal transduction. J. Biol Chem, 269:20718-20726 

36. Dietsch, M. T., P-Y. Chan, S. B. Kanner, L. K. Gilliland, J. A. Ledbetter, P. S. Linsley and A. Aruffo. 

(1994) Coengagement of CD2 with LFA-1 or VLA-4 by bispecific ligand fusion proteins primes T cells 
to respond more effectively to T cell receptor-dependent signals. 

J. Leukoc, Biol 56:444-452 
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37. Kanner, S. B., A. Aruffo and P-Y. Chan. (1994) Lymphocyte antigen receptor activation of a focal 
adhesion kinase-related tyrosine kinase substrate. Proc, NatL Acad, Sci. USA 91:10484-10487 

38. Wong, S. C.-T., S. B. Kanner, J. A. Ledbetter, S. Gupta, G. Kumar and A. E. Nel. (1995) Evidence for 
LFA-l/ICAM-1 dependent stimulation of protein tyrosine phosphorylation in human B lymphoid cell 
lines during homotypic adhesion. J. Leukoc. Biol, 57:343-351 

39. Kanner, S. B. and O. K. Haffar. (1995) HIV-1 down-regulates CD4 costimulation of TCR/CD3- 
directed tyrosine phosphorylation through CD4/p56^^* dissociation. J. Immunol 154:2996-3005 

40. Ohnishi, H., J. A. Ledbetter, S. B. Kanner, P. S. Linsley, T. Tanaka, A. M. Geller and M. Kotb. (1995) 
CD28 cross-linking augments TCR-mediated signals and costimulates superantigen responses. 

1 Immunol. 154:3180-3193 

41. Grossmann, A., P. S. Rabinovitch, T. J. Kavanagh, J. C. Jinneman, L. K. Gilliland, J. A. Ledbetter and 
S. B. Kanner. (1995) Activation of murine T-cells via phospholipase-Cyl-associated protein tyrosine 
phosphorylation is reduced with aging. 7. Gerontol. 50A:B20S-B212 

42. Tarakhovsky, A., S. B. Kanner, J. Hombach, J. A. Ledbetter, W. Muller, N. Killeen and K. Rajewsky. 
(1995) A role for CD5 in TCR-mediated signal transduction and thymocyte selection. 

Scie/ice 269:535-537 

43. Nel, A. E., S. Gupta, L. Lee, J. A. Ledbetter and S. B, Kanner. (1995) Ligation of the T-cell antigen 
receptor (TCR) induces association of hSosl, ZAP-70, phospholipase C-yl, and other phosphoproteins 
with Grb2 and the C-chain of the TCR. J. Biol Chem. 270:18428-18436 

44. Kanner, S. B., L. S. Grosmaire, J. Blake, G. L. Schieven, S. Masewicz, N. 0dum and J. A. Ledbetter. 
(1995) ZAP-70 and p72^ are signaling response elements through MHC class II molecules. 

Tissue Antigens 46:145-154 

45. Das, A., G. C. Peterson, S- B. Kanner, U. Frevert and M. Parsons. (1996) A major tyrosine- 
phosphorylated protein of Trypanosoma brucei is a nucleolar RNA-binding protein. 

J. Biol Chem. 271:15675-15681 

46. Kanner, B. (1996) Focal adhesion kinase-related fakB is regulated by the integrin LFA-1 and 
interacts with the SH3 domain of phospholipase Cyl. Cell Immunol 171:164-169 

47. Ochs, H. D., Q. Zhu, T. Liu, C, Watanabe, S. B. Kanner, D. Hollenbaugh and A. Aruffo. (1996) 
Wiskott-Aldrich syndrome: The WAS protein, phenotype and genotype. In Progress in 
Immunodeficiency VI (A. Fasth and J. Bjorkander, eds.), Elsevier Science B.V., Goteborg, Sweden. 
pp. 85-96 

48. Kotb, M., S. B. Kanner and J. A. Ledbetter. (1997) Biochemical analysis of TCR mediated signaling. 
In The Human Antigen T-cell Receptor: Selected Protocols and Applications (J. R. Oksenberg, ed.), 
R.G. Landes Company and Chapman & Hall, Texas, pp, 489-545 
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49. Ng, T. T. C, S. B. Kanner, M. J. Humphries, R. G. Wickremasinghe, K. E. Nye, J. Anderson, S. H. 
Khoo and W. J. W. Morrow. (1997) The integrin-triggered rescue of T lymphocyte apoptosis is 
blocked in HIV- 1 -infected individuals. / Immunol 158:2984-2999 

50. Scholler, J. K. and S, B. Kanner. (1997) The human pi 67 gene encodes a unique structural protein 
that contains centrosomin A homology and associates with a multicomponent complex. 

DNA Cell Biol. 16:515-531 

5 1 . Lansing, T. J., B. F. Turk, S. B* Kanner and T. M. Gilmer. (1997) Mutational activation of pp60""''' 
leads to a tumorigenic phenotype in a preneoplastic Syrian hamster embryo cell line. 
Qi/iceriJey. 57:1962-1969 

52. Zhu, Q., C. Watanabe, T. Liu, D. Hollenbaugh, R. M. Blaese, S. B. Kanner, A. Aruffo and H. D. Ochs. 

(1997) The Wiscott-Aldrich syndrome/X-linked thrombocytopenia: WASP gene mutations, protein 
expression, and phenotype. Blood 90:2680-2689 

53. Brockdorff, J., S. B. Kanner, M. Nielsen, N. Borregaard, C. Geisler, A. Svejgaard and N. 0dum. 

(1998) Interleukin-2 induces p2-integrin-dependent signal transduction involving the focal adhesion 
kinase-related protein B (fakB). Proc. Natl Acad. ScL USA 95:6959-6964 

54. Loo, D. T., S. B. Kanner and A. Aruffo. (1998) Filamin binds to the cytoplasmic domain of the 
Pl-integrin: identification of amino acids responsible for this interaction. 

J.Biol. CAe/w. 273:23304-23312 

55. Connelly, R. J., M. S. Hayden, J. K. Scholler, T. T. Tsu, B. Dupont, J. A. Ledbetter and S. B. Kanner. 
(1998) Mitogenic properties of a bispecific single chain Fv-Ig fusion generated from CD2-specific mAb 
to distinct epitopes. Int. Immunol. 10: 1 863-1 872 

56. Ng, T. T. C, L E. Collins, S, B, Kanner, M. J. Humphries, N. Amfl, R. G. Wickremasinghe, D. D'Cruz, 
K, E. Nye and W. J. W. Morrow. (1999) Integrin signalling defects in T-lymphocytes in systemic lupus 
erythematosus. Lupus S:39-5l 

57. Perez-Villar, J. J., G. S. Whitney, M. A. Bowen, D. H. Hewgill, A. A. Aruffo and S. B. Kanner. (1999) 
CD5 negatively regulates the T-cell antigen receptor signal transduction pathway: involvement of SH2- 
containingphosphotyrosine phosphatase SHP-1. Mol. Cell. Biol. 19:2903-2912 

58. Perez-Villar, J. J. and S. B. Kanner. (1999) Regulated association between the tyrosine kinase 
Emt/Jtk/Tsk and phospholipase-Cyl in human T lymphocytes. J. Immunol. 163:6435-6441 

59. Scholler, J. K., J. J. Perez-Villar, K. O'Day and S. B. Kanner. (2000) Engagement of the T- 
lymphocyte antigen receptor regulates association of son-of-sevenless homologues with the SH3 domain 
of phospholipase Cyl. Eur. J. Immunol. 30:2378-2387 

60. van Seventer, G. A., H. J. Salmen, S. F. Law, G. M. O'Neill, M. M. Mullen, A. M. Franz, S. B. Kanner, 
E. A. Golemis and J. M. van Seventer. (2001) Focal adhesion kinase regulates pi integrin-dependent T 
cell migration through an HEFl effector pathway. Eur. J. Immunol. 31:1417-1427 
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61. Perez-Villar, J. J., K. O'Day, D. H. Hewgill, S. G. Nadler and S. B. Kanner. (2001) Nuclear 
localization of the tyrosine kinase Itk and interaction of its SH3 domain with karyopherin a (Rchla). 
//?/. //wmwno/. 13:1265-1274 

62. Perez-Villar, J. J,, G. S. Whitney, M. T. Sitnick, R. J. Dunn, S. Venkatesan, K. O'Day, G. L. Schieven, 
T. Lin and S. B. Kanner. (2002) Phosphorylation of the Unker for activation of T-cells by Itk promotes 
recruitment of Vav. Biochemistry 41 : 10732-1 0740 

63. Kanner, S» B. and J. J. Perez-Villar. (2003) Altering T cell activation by targeting the multi-domain 
tyrosine kinase Itk. Trends Immunol. 24:249-253 
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2nd Quarter 

Genentech 

IN BUSINESS FOR LIFE 



Profile 

Genentedi (NYSEDNA) is among the world's leading 
biotechnology companies. Our focus is on develop- 
ing innovative ther^es that addiess significant unmet 
medical needs and positively impact the world of hu- 
man healtL Genentech manufactures and commercial- 
izes multiple products in the United States for a variety 
of medical conditions, including cancer, heart attack, 
stroke, growth hormone deficiency, cystic fibrosis, al- 
lergic asthma and plaque psoriasis. 



Her ceptin' 



^» Results frcnn 
the joint interim 

fr¥¥tuzumTb 

^m^^oMsMM^^M Pbasem studies 
of Heroeptin in eariy stage breast cancer showed that 
women with HER2-I- breast cancer receiving Herceptin 
plus chemotherapy had a 52 percoit reduction in the 
risk of disease recurrence. Preliminary survival data 
showed a 49 pox^ent improvement in overall survival. 
Survival data continue to mature. Serious or tife-threat- 
ening cardiac events, most commonly congestive heart 
failure occuired proximately 3 to 4 percent more 
c^tcn in the Herceptin plus cberaotheFE^)y arms dian in 
the cfaemodierapy alone aims. Patients in these studies 
will continue to be followed. 



Market data (as of 07/15/05) 

Qosing Price: $89^ 

52.week Range: $4LOO-$90.57 

Market Cap: $95.2 billion 

Total Shares Outstanding: 1,062.4 million 



Genentech stock price 
July 15, 2004 -July 15,2005 

$100 1 
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Q2 2005 / EARLY Q3 i005 NEW'S/lSVHiNrrS 

• Plhat^py^l^^c^ 

peixient to $0: 16 pa; share in the second quarter of 20pi. Ndr^^^ 

GA^eamin]^ i^rsh^ the second quarter of 2005 increased 58 perperit to 
$030 ipk' shajie^ the second quarter of 2004. 

Genenptch's M^^ exclude Hti^ation-reiated special charges 

of $19!5 jniak^^^^ q/TOOS and $J3.S million in the second qiiar^ 

te^ 0/2004; Sidfeii^ charges related to the 1999 redemption ofGenentecfi*( 
SpeciatiCpnmiok in the second quarter of200Sand $3S2 

rhiUioh in the second 

• total: f^ucl sales reacheii $1 ^4 i million for the second quarter of 2005. a 3$ 
percraUntrease ovCT^^ $913.4 million in tfic secoiid quarter erf 2004. 
Total proiduct:^ U.S. pnxluct sales of $1.21 5.9 Wnion. and 
prbdiK^ sai|»^^^^ 

• Genentech 2ttm6im«d ,posi^^^^^ data results for Avastin, HercepUn^ Lu- 
cenUs andRinjxan^ demonstrati ng dinically' and stab'sticalty significant outopm^ 
Av^h plus padjtb^d arid c^rbbpladn chemotherapies in lirst-iine non-squ^inous^ 
nomwTiaII.«ll lUhg Rituxan in patients with rfieumatoid artlmtis whditikd-' 
eqiiately resppi^ toanti-TNF alpha tbia^p'es, Avastin plus paclilaxel chein6th4iai)y 
in first;Iinc metastatic Herceptin plus chemotherapy in eaiiy-stij^ . 
breast cani^^ Lucentis iii patients with minimally clasac or occult wet igc* 
relatied macular:degienm 

• Genenfech an<i OSI l^amiaceu announced that OSI submitted a siippleraentai 
New I>ug Applic2licm wi the FDA use of Tanceva plus gerndtabine-chef^b: 
tferapy for^ihe.titotmeiit of adyanbed pahcieatic cancer in pcUichls whoh^Ve'h^^^^^ 
recdyed any fj^yio^ 

► Iii the sed^ in several Pha» 111 stui 

ies,-iiKtiiding)^ erythematosus, Avastin in prostate du^cer;^ 

and'Comb^h^iian: Av^ andTarceva m seoond-Iine non-small cell iiirig cancer. 
Ehibliment aJ^ be in ai Phasis I.stiidy of a small molecule topical hedgehog 
antagonist canidb<late in basal cell caicinoma: 

Oiimi taig as a single agent in breast and lung cancer was reinoved from the devd- 
optnent j»'pdine. THe^Ptiase 11 shidy of Omnitaig in combination inth chemothera-! 
py ior ovkrian CMccT cbntinute^ 

Positive Phase ! li results were reported with Lucentis in patients with wet age^re^ 
late^ maaiiar ^egeheratiiai (AMD), showing for die first lime in a Kjase ill trid. 
a stadstic^iytsigriificant impifove^ in vision for paUehts in a disease that has^ 
remained chronic and piogr^ ve idesi^ Additioi^ly; 
theiPhase I/Il study of Lucentis xiemonstrated improved vision iii patients wi th w«it 
A^^ wfaeii iisediih oombina^ 

Genentech and Bpehringer Ingelheifn anrioimced that the ASSENT 4 peixaitai)^ 
bus cofon&y intervditidii (Pq) trial, an opcn-labd Phase IV study of singleibblus 
tieiiectq>Iase in cpmbinmion i^th a planned PQ. was slopped early after an ai^^is 
5howed:rooitality rates in those patients treated with tenecteptase pliis PQ wei^ 
higher than in the FCI alone arm. 

G^eiitech completed the acquisition of the Oceanside biologies manufacturing far 
dlity from Bibgen Idee for zgjprdximately $408 million in cash, plus approximately 
$9 milJiori in closing costs. UpcMi FDA licensure, the Oceanside facility will add 
90,000 liten of capadty that will initially be dedicated to producing Avastin bulk 
drug substance. 

Oenentech's Board of Directors authorized the extension of its current stock repur- 
chase program for the repurchase of iip b an additional $2 billion of its commpri 
slock for a total of $4 billion through June 30. 2006. The Board also amended the 
current repurchase program by increasing the maximum number of shares that cah 
be repurchased from 50 million to 80 million shares. 

Please refer to . the press releases on our website at www^ene.com for mare detailed 
information regarding data results and other corporate news. 
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1 AwiMTiNGl- DA Action 




Tarceva 


IPancreatic cancer 


1 FDA Fdjno PRnPAi^\TroN 


AVASTIN 


MCTASTATIC BREAST CANCER 
j NON-iMAli CEU. LUI^O CANCER 


Hercstin 


AiuUVAW BimAST CAN 
RRST-ijNH:MHlAhOT 


. RnXKAN 


lii^XJLENT l^ONnjNE/N^ 


RlTUXAN 

iMMUNpLOGY 


ReIRACTORY RHHXKlftron) ARTHRrns 


IRusuIII . 




AVASTTN 


. Aj^JWANT OOUORSCTAL, CANCESi 
F^ST^LD^ OVARIAN CAliCEIt* 
PaNCRE«1C CANCER 
I^OST^CANCER 


LUCENTIS 


WbT A<^-REIj\TEP..l^dJLAR . 


RiniXAN 


Relapsed^ oiRpNic uri^ 


RrruxAN 
ImmuhoLooy 


AHCAfASS<XlAIED VASCULTHS 
lAnkjS NEFHRmS* 

I«^bp~Tb|-SEVERB RHEldhi>m)ID AkiHRltiS^ 
F^aMARV PROGRESSIVE MUljlPI£ SCLEROSIS 
Sy^TEKflC LUiVS EkYTHB^ 


Tarceva 


Ar)JmAlslT NON-SMALL LWiO .CANCER* 


Tarceva +/ - A vastin 


SeCC»<1>-UNE NpNrSMAli. .CEU. LUNG CANCER 




PEDUTRIG ASTHMA 






2KD GENERiimOK AHfT^ 


RaEU2HLid^ 


AVASTO^f 


REFRAt^rORY OVARIAN GANO^ 


AVASTI14 +/- Tarceva 


NON-SMAJUL CELL LUNG CANCER 
RQ^ZAL CBl. CARCINOMA 


Omnttaro 


Oyariancancer 


RAFnVA 


AlHlLT ATOPIC DERMAtlilS* 




RoaPSED kEMimNG MUXJiFtB SCLEROSIS 


Topical VK5F 


I^ABEHC Poor ULCERS* 


XOLAIR 


PEANinr ALLERGY 

±^ ... 


I^LVSr: !. . j 




At^n-NCT 


^CUTB AND CHRCMC RUN 


Apo2i/trail 


GU4CER THBIAPY 


Br3-Fc 


Rheumatoid ARTHRins 


Tohcal Hedgehog 
Antagonist 


Basal cell CARdNOMA 



•PREB\WN0 FOR Phase 

•■One area of concern for fda is nte use op the term "maintenance**, so we 

WILL BE VORKO^i TOWARD A KOMENCUCTURE THAT FDA FEELS BETTER DESCRIBES THIS 
AFPROAOI. 
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Tcttal Operating Revenues 
($ in millions) 




S4JD0O 
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Total Product Sales 
($ in millions) 




SI .00 



S0.80 



$0.60 



S0.40 



SO^ 



S0.00 



Diluted Earnings Per Share*^ 



SOAAF 
SKoq-OAAP 



aoM 



30^ 



S0.60 



S0.46 






2002 2003 2004 

(l>Noik-GAAPanMimt9 cxdude (!) rccunring Hxarga nbted to the 1999 
redcmptioo of Ota- Speda] Cotnzsoo Stock of $1453 millica b 200t« $1543 
mDHoD in 20(3, $15SL7 iroOjon in 2002: (p) litigatjaa seltianeDts (net of 
Utig^on charses) of $113.1 imllioo in 2003, and Uti^iico Otaga (pet^u 
fdeased accnBl}of $37.1 millian io 2004 aad $543.9 imUioo ia 2002; (in) a 
$47.6jnniioiic)Br:ge. otl ef tax. m 2009 as a cwmdatiTc cScd of the dm^e 
m accouotiog ixindple for our«dopto «f the 

Bcnrd(orFASB)IatopRtetioDNa4«^ Xonolidatiaaef VSHuUelntenst 

Entitic3"i)oJulyI.20(B. 

(2) Net income u 2002 also rtBecti our adc^on of FAS I4L *Basincas 
ComtniBtiora'' and 142, ^Xkmdwtll and (Xhcr intangible Aaseb** on Jamtaiy 1, 
2002. Asare3idlofwadb|«icai,Rpc«tednrliiiconieiiici«^ 

matdy $157.6 inUioD (or $0.15 per shair) due to the ccssaiica goodwiO 
amortizatioo asd titt amoiiizatioo of oiv trained and astcznUed worlcfotn 
intangjUe asset 

(3) AO share and per share amounts refiect the May 2004 iwo-Tor-ooe stock 
split ctf our Comnon Slock. 

Investor CoNTAcn 

Diane Schnck — Manager, Investor Rclattons 
Ceoentech, Inc. 

Odc DNA Way South Sao Frandsoo. CA 94080 
Phone: 650-225-1599; Fax: 660>225-8326 
Wch: wwiKgcDccom 
Email: iDvestor.relaUoiis@gene.com 




irceptoo^ 

Trastyzoinnia 




mono.. 



WARNINGS: 
CARDIOMYOPATHY 

HHRCEPTIN atfministrrtjon can result m 0)e deveJopment ol ventricutjr dysJunction and 
congwtjvB heart failure. Lefl ventricular function should be evaluated In alt patients prior to and 
during treatment with HERCtPTIM DiscominuatjDn of HERCEPTIN trBatment should tt strongly 
considered in patients who develop a dinkally srgnificanl decrease in left ventrfcular functioni 
The incidence and severity of cardiac dysfunction was partiailarty high tn patterns who received 
HERCEPTIN in conUrination with anthracydines and cydophosphamTde. (See WARNINGS.) 

HYPERSENsmvrrr reactions wciud«g anaphyuxis 

MFUStON REACTIONS 
PUUWONARY EVENTS 

HERCEPTIN administration can result in severe hypersensitivity reactions (rnduding anaphylaxis) 
Wusfon reactions, and pulmonary events. Rarely, these have been fatal, tn most cases. sympionS 
occurred during or within 24 hours administration of HERCSmn HERCEPTIN Infusion should 
intenupted for patients cxpericndng dyspnea or cfinicaily significant hypolensioa Patients 
dwj^jnonitored unto s^ns and symptoms eompletely resolve. D^ontinuation of 
HERCSTIN treatment should be strongly considered for patients who develop anaphylaxis, 
angtoedem^ or acute nspifatory distres syndrome. <See WARNINGS.) 



DESCRIPTION 

•SSPILCJ'^^V?^^) * fccomblnant ONA-derived humanized monoclonal antibody that 
ttlettvesy Wig with high afftiity in a cen^d assay (Kd =5 nM) to the extraccBular domain of 
the human ephfemial growth tKtor receptor 2 protein, HER2." The antibody is an IgG, kappa that 
Pii!5?".'*'{n"!f°'* rwions with Ute complementarity-detennlnlng regions of a murine 
antnody (405) thai binds to HtR2. 

Tj8 humanized antibody against HER2 Is produced by a mammalian cen (Chinese Hamster Ovaiy 
jCHOI) att^nsMM arftore In a nutrient mofium containing the anfibiotic gentamlcln. Gentamicin 
B not detectable in the final product 

Si^SI'SL^ I ^ y^^* preservatwe-f ree ^ophilized powder for Intravenous 

flVOadmlntstratlon. The nominal contem of e«h HERCEPTIN vial b 440 mg Trastuzumab 9 9 ma 
hiSS""^ L-histidine, 40O mg a.a-trehalose difvdrate. and 1.8 mg polysortate 20 

IJSgRecoortltirtlra nilh 20 ml of Uto supplied Bacterfostade Water for ln}ectToii liwR). USP 
contanina 1.1% benyl alcohol as a prBcrvatNe. yields a muKHIose solution conlainino 
21 mg/mL Trash/zumab. at a pH of approximately & 

CUMtCAlPHARIVlACOLOGY 
General 

prohHjncogene encodes a transmembrane receptor protdn d 185 kDa, 
wift* IS smKgiraJr raatol to the ^dennal growth factor receptor.' HER2 protein overexpression 
» otewvKl to 25%n30% of primary breast cancers. HER2 protein overexpression can be 
wteraimed using ImmunohistochemlstrY (IHC) and gene amplificatfon can be determined using 
SSISSSf? hybrfdization (RSH) of fixed tumor blocks.' In referenced studies where 
HERCEPTIN use was not shjdied « approximately 96-98% of biopsy specimens that were found to 
have protein overexpression also had gene amplification and 100% of those wHh gene 
ampwtcationalso had protein overexpression.** The precision of the determination of protein 
^'!^SSIP^.J^ Pene ampDfication, however, may vary depending on the sensitivity and 
specific^ of the Wrtictitar assay and assay proceduics used (see PRECAUTIONS), VVhen 
compared to the referenced studies noted above, the correlation between detectable protein 
oyere;{pression using bnmunohistochcmistry (IHC) and detedabls gene amplification using 
2!!iSSl^iL??.l9!S.^^ » high m the studies of HERCEPTIM dinica! trS 

F^JN|!5yS^£iS^ HER2 Assay Concomanee Studies and 

Trashaimwb has been shown, Intxitti in vitro assays and in animals, to Inhibit the protifeiation of 
human tumor cells that overexpress HER2." 

SSS*8lrSLL2HS?n%^."'J^ cylotoxtaiy (AOCQ« /a vitn, 

raOPlWjwto W ADCC has b^ishpi to be prefeienHaliy exerted on »iR2 owiexpresslng 
cancer censcompaied win cancer cells that do not overexpress HER2. 
PiiarmaeoUnetlcs 

The Ptenn^toKtics of Trastuzumab were shidied in breast cancer patients witfi m^astatic 
disease. Shwt duration intravenous infusions of 10 to 500 mg once weekly demor^trated dose- 
deperoJent Pranna«>«netics. Mean half-lifB Increased and dearanco decreased with increasing 
dwe level. The haiHife averaged 17 and 12 days at the 10 and 500 mg dose levels, respedhrel? 
l^S^aSl ^!P^^ ^ distribution was approximately that of serum vohime (44 mlAg). At the 
highest imaWy dose studied (500 mg). mean peak scmm concentrations were 377 ntoogramAnL 

5-2?S5#^J y 1°?^?® o» 4 mfl/tafonowed by a weeMy maintenance dose of 2 mgflca a 
man half-ltfe of 5.8 days (range«1 to 32 days) was observed. Between Weeks 16 aS 32, 
imaatiMb lerum concentrations reached a steady state with mean trough and peak 
concentrations of approxtmately 79 mIcrogram/mL and 123 mtcrogramAnU respecovely. 
OetedaWe cpncenbations of the drculating cxtracenular dom^ of the HER2 receptor (shed 
die sera of some patients with HER2 overexpresslng tumors. Oetemtfnation 
5^JI!.^^^i^ P"'"" "'^^ ^ W» (286^447) olpatients had detectable 
J^SS^SIS JS!^^^ ?1S? as Wgh as 1880 ng/hiL <median-11 ngAniriPatients witti higher 
^f^^ ^ "^^^ Bkdy to have lower serum trough concentraUons. However, 
wrth weeWy dos^m. most patients with devated shed antigen levels achieved target serum 
concentrahons ol Irasluzumab by Week 6. » aciu... 

paa suggest Oijt the dispositton of Trastuzumab Is not aftered based on age or serum creatinine 
(up to 2.0 mg/dL). No formal Interaction studies have been performed. 

serum trough concentrations ol Trastuzumab. when administered in combinatton with 
PSi^Shi^^lx^'^^^Hy ^^^ed approximately l.5-fold as compared with serum 
E!2?i2.^°!)? ^ 'f?tuzumab used rn combinalhin witt> anthracycBne pJuscydophosphamide. In 
prtTiate studle^ adrnmistration of Trastuzumat> with paditaxel resulted In a reduction in 
TrwtiBtmab dcar^ Sewn tevels of Trashoumat) In combination widi dsplatln. doxorubidn or 

S?£*!lE?Iiy''°Pi°*P***™* ^ ~* »05est any Interactions; no formal drug interaction 
suiotes were perrormed. 

CUNICAL STUDIES 

VSLSISSL^^!?^^^ HERCEPTIN were studied in a randomized, controlled dinlcal trial in 
wjJWatfmj^ (469 patieitts) and an open-label single agent dinlcal trial (222 

patfenis). Both trials studied pabents with metastatic breast cancer whose Bmors overexpress ttie 



HERCEPTIN* (TrasluzuiTK. ^ 

HER2 protein. Patients were efigibte if they had or 3+ levels of overexoressIof> ita^ =in » 
3. scale) by immunohlstocherrJcal assessment ol tumor Ussue pS^^Tj^^nl bb 
.A multicenter. randomized, controlled clinical trial was conducted in 469 oatlents uriih m.»^»,.v 
brast cancer who had not beer» previously treated with chemothJrS^X SaUc 
Patients were randomized to receive chemomerapy alone or in combffln wiS H^CEmS 
inlravenousiy as a 4 mg/kg loading dose followed by weekly doses of H^ClFimnm^Vr 
those who had received pnor anthracycUne therapy In the adjuvant aitino clwmSS;,^^ 
cortsisted of pacfiiaxel (175 mg/m' over 3 hours every 21 days for a! iSt SdesWw ;Sn^K 
patients, dicmotberapy consisted of anthracydine plus qyclophoXnlde (AC^^^ 
60 mg/m' or epirubitin 75 mg/m' plus 600 mg/if cyclophos&elJSrzi ^ 
Compared with puenls in the AC subgroups (n=28l). patients In the parftaxel s5bgroup ffiSi 
were more Iike^^ to have had the following: poor prognostic ladOR (prSnwStf S 
estrogen or progesterone receptor negative mmors. positive lymph nodes) prior tbeSvTadiwfiwt 
chemotherapy. myeloaMative chemotherapy, radiotherapy), and a shor& dlse^^e SSSl 
SSrS^i^'^^^ ?/ ^"n^ randomized to receive d^emotherapy alone in this study recehred 
HERCEPTIN at the time of disease progression as part of a separate extension study. 

ComjHred with patients randomized to diemotherapy alone, the patients randomized to HERCEPTIN 
and chemotherapy expcnenccd a significantly longer median time to disease progression a hiaher 
overall response rate (ORR). a longer median dulalion of response, andalonger^^n suS 
(see Table 1) These treatment effects were observed both in^ts who lecSS HERC^^^ 
P«l»taxd and in ttiose who received HERCEPTIN plus AC, however themS^S^^ineSs^ 
greater in the paditaxd subgroup (see CUNICAL STUDIES: HER2 0«eS) 

Table 1 





Combined Results 
HERCEPTIN 
« 

AD AB 
Cftenw- Chcmo- 
tirerapy thenpy 
(Q-23S) (n»234) 


Paditaxel Subgroap 
HERCEPTIN 
* 

Paditaxel Pac&taxel 
(n«92) (nege) 


ACSubgmup 
HERCEPON 

AC* AC 
(n>143) (0.138) 


PrtmaryEralpobi 
Tlm^toProo^essiofl^* 


72 AS 
&9.8.2 4.3. 4^ 
<OJ0001 


&7 23 
5.^9.9 2.QL4.3 
^XOOI 


7.6 57 
7.2,9.1 4.6,7.1 
0.002 


Me<San (months) 
95% confidence interva} 
rvalue OoQ rank) 


Secondary Enilpolnts 
OveraO Response Rate^ 


45 29 
39.51 23.35 
<fi.001 

8J 5.8 
5.5^14.8 3.9.85 

25.1 20.3 
2U 29.5 16.8.24.2 

ao6 


38 15 
28.48 8.22 
<0.00t 

aa 4.3 

5.1.11J0 3.7,7.4 

22.1 18.4 
IBS. 28.6 1^7.24.4 
0.17 


50 33 
42.58 30.46 
0.10 

8.4 6.4 
5.8L14.8 43.85 

26.8 21.4 
23.3.32.9 18.3.26.6 

ai6 


Rate(pacen!) 
95% confidence iRlervat 
p^ratoe (z^-test) 
Duration d Response^ 


Median (months) 
25%.75%(niartile 
Survival Tims' 


Uediao Survivsl (months) 
K% confidence tatenral 
piralue (log rank) 



w.«.i«iV7%-Mn» ^wwAuiuuiwii wi cpiiuoitinj ana cycKipnospnamiae. 
•Assessed by an independent Response Evaluation Committee: 
•Kaplan-Meier Estimate. 

SIEETSL^Sf D^'*"' ^ ^ ^^^^ ^ ^ multicenter, open-labd. singlesirm dinlcal tiial In 
SiS52 ovcrexpressing mctastabc breast cancer who had rdapsed foDowfng one or 
regimens for metastatic disease. Of 222 patients enrolled. M% had 
re^vrtlprior aiSu^^ 68% bad recdved two prior diemotherapy regimens for 

^? ^ "^F^ P"" mydoablalivB treabnent with hematopdelic 
!5SS^r£S^"^ * '0*^ w < fhO^ IV followed by weddy doses of 

^^i^^^r^r^^^J^^'^'^' with a 2% comoteM lesponso nts Sd a 

1Z% partw response rate Complete responses v«re observed only in patterns with disease Omited 
to skm and Vmph nodes (see (ilNlCAL SUIOIES: HER2 Detection). 
HER2 Detection 

(SeePRECAIITlONS: H5)2 Testing) 

Detegon d KR2 protein overexpression is necessary for sdecdon of patients smroprtats for 

or the two dinical snidies descnlied above, hi diose studies, a research-use-onlv (HQ a&av 
(referred to as the ClinicaJ Trial Assay. CTA) was used. reswwwwwy im, assay 




«iwvM.a. ncr^t wtcvuun. ncn£ rruwo uverexpression Detecnon Rfttnods and HER2 Gene 
JSKo'iJJSi^.iJt'^M of eithef assay wwt to iteSlSfto 

Sf*^,-f"'lf ^t'"*'" MERCB^IN Hierapy has not been pro^ecUvelfstudirt. Ii» addilon. 
ttw ui>l4 ol ^ assy in patimts wtest Smon would scon asTor U ty ^oSm 

excluded from the dmicd studies described. 
HEB2 Proteta Overexpression Oetedloo Methods 

HER2 protein overexpression can be established by measuring expressed HER2 protein using IHC 
SSm ETi " "^^^ ^ described above. speSr^SS teW\i^5ie ctX 

S?S£i?J;d* Jii 2[«^a.^^it 2!^^ with 2f or a* 

gwfte hnnore wereefigiWe (about 33% d those screened). Data hom the randomtzed trial suguest 
treabTj^ent effects were largdy limited to patients with the highest levd of HER2 
!I522.S!!®''?^"^ (3j)(see Table 2). In an exploratory anal«is, the rdathre rish (rr) for time to 
S?f[5S?? ^ ^ S^?^ ^'"^'^ ^ted as CTA 3+ (rr - 0.42 with S6% CI: a31 
&rik?f 5r2SJ5^n^L^^^^^ ^21 0-50. l-isi The relative risk represent 
awrisj of progression in the HERCEPTIN plus chemotherapy am) versus the rtemothciapy arm. 
II?2lI??#'£5?^J?^'^^ ^ progression in the HERCEPTIN arm. In dte sfriQlo- 
arm^idy of HERCEPTIN as a single agent the overaD response rate in patients whose tnmois 
as CTA 3* was 18% while In those tt3 tested as CTA 2<Hw 6%. 
riJSSKfnl??!?^ 1 "i? f?^' concordance with the CTA (see HER2 Testing: 

tfmteiSs dffi «)een used to assess tumor spedmens Ito the HERCEPtA 



HERCEPTIN»(Trasluzumab} 

her; Gene Ampimcalloa Detection Methoih 

nci^« P'o^o'Voverexpression. measurement or the number of HER2 gene copies using 

JL^Jli°r?i^^ ampfificatjon.may be emplwedL An explorato/y. relrospeclwe assessment 

ncl* SS^?'"* peifomied to detect HER2 gene amplificaUon using 
PatfiVysion . a FISH assay. Data from this retrospective analysis involving 6S0 of 691 (96%) 
ESfibiT.'^.n? Sir""^ studies. (aU scoring 2* cr 3* ly the CTA? suggested that the 
P^'™^ ^^^^ » flSH (f ) than in those 
?r2 ^^£r"J«' •,^?Sf ' "5*?.';*^°? prolonged for patients on the HERCEFTIN 
5!2;/^Ji5iS' ™^ ^" ^''^ si^OJe arm study of HERCEPTIN as a single 

K»2S.?S'n«[?f •""^ ^ « "SH W was 20%. while m 

• those tested as nSH (-). there were no responses. 

These data are not sufficient to concfude whether RSH tesbng can distinguish a subpopulation of 
SI'^J.t£22!?AT? ^ ^^mrotentU from HERC&TIN therapy, tn addilionrmeiB are 
niS^^ SrSS? 'S"'^ ^^^^ lest results for patients with tumors that scored as 

wStot KJi conclusions regarding the usefulness of FISH in the general |»|Mib?ion 

Table 2 

Treatment Effect versus Level of HER2 Expression 
Phase ill Randomized Trial (N o 469): 



HER? Assay 
Resuli 


Number of 
Palicnts (H) 


Relative Risk** 
for Time to Disease 
Progresslof)(95%Q) 


Relative Risk" 
for Mortality 
(95% Q) 


aA2»or3* 
RSH(f)- 
nSH(-)- 


469 
325 
126 


0.49(0.40,0.61) 
0.44(0.34.0.57) 
0.62(0.42,0.94) 


0.80(0.64.1.00) 
0.70 {a53. 0.91) 
1.06(0.70.1.63) 


CTA 2* 
RSH{») 


120 
32 
83 


0.76(0^0,1.15) 
0.54 (0.21. 1J15) 
0.77(048,1.25) 


1.26(082.1.94) 
1.31(0.53.3.27) 
1.11(0.68,1.82) 


aA3« 
nsH(*) 
nsH(-) 


349 
293 
43 


0.42(0.33.051) 
0.42(0.32.0.55) 
0.43 (0.20.0.94) 


0.70(0151,0.90} 
0.67 (Oil. 0i9) 
0.83(0.39.1^} 



uMuiiy icMjiu avaiaoie w oi ine ' 

ij» relative rtsic represents the rislt of progi 

eftemotherapy arm versus the chemotherapy arm. 
!PU toni Concerdaaee Studies 
(See PRECAUnONS: NER2 Testing) 

SS!^^^^^!i^Jl!^Jii!!PJ!}^J^lJ^^ !!l ^ ^^ecting HER2 protein 
£7EfS?iJ5.2?J^5S!^ ^'Sl'PL? to HER(»'TIN treatment effect 
teaSit toSffifr!5lf£S^ ^^^°;^!^JS^J!^^^^^<M^^ from the 
SH£S.?Kfr^5?E££?^ Resource. Based upon these resufis. of 

^%2Ltel'*^?E^^ ^ ^1® HeicepTesT. 82% were 3* O^e, the reading most 
^%aT* ^3/^ were 0 or n on'tha CTA. Tbe^6% of 
SJ^S^ r3t52^J?? '^'^ ™ ° 0^ ^ two'?*^ expected to represent 2% of the 0 and U 
popuBhoa Of specimens testing 2* /weaktv nA«ifh/p) m tho iiMr««iToc< ii4t ^» 



2r;Si fi^yS'rr'n 1 "rrxr^^r^ ^S"'^^ OTmet£apTes^14% were 3* . 20% were 
It' sSSZi^lSi flU*^ n ^^ ^e^f* 0 or U on the HerccpTesT. 2% were 
0* wereZf, and 92% were 0 or u on the (HA. 

SSSSfuciS i£L'^J?2^' ^ ^ PathVysion- HER2 ONA Probe, a RSH test for 
SSL^JT^l""*?* compared with the CTA on over a«) breast cancer 
™?3?p5?SfS ojA^wlV ai^P'tted for potenti^d enmtlment in the Hmcmm trials. A 
^S^^3*2.°P^2J:^^fl^ "^S P^S^ ?=«d on mese results, of spcdrSrs 

2ran?8??vl;reTolf^^^^^ 
motCATIONS AND USAGE 

^SHIiS iS2£2?li* treabnent of patterns with metastatic breast cancer 

SSLS7o?»t!S?2^^ ?!?SiSi.^'' ^ one Of more chemotSrSr 
iSZ 2 JJSLJSS'^^ife^' HERCEPTIN m combnation with pacfitaxef is Indicated for 

SSS^fSSSl^.*^^??!^ ^ ^ mctastatfc disease. HmtXFDH should used In 
paooiB Whose tumofs nave been evaluated with an assay validated to ofedict HER2 omtein 
overexpresslon (see PRECAUTIONS: KER2 Testing ami <^CALSWOIE& Cew oSSSn?^ 

contrainoicahons 

Hone (mown. 

mmflNGs 

C8fdtoto«dly: 

Signs wd symptoms of cardiac dysfunction, such as dyspnea, increased ceuoh DanMvsmal 

SlSf^i?S^ll?*i^^^*'* Congestive heart fiihire associated with HffiCEPT»«ScraS 
'^J!SS?^°ciated wih disabling cardia: failure, death, and muSmrambSS 
S^iS^^JS"? (see BOXED WARNINGS: CARDIofivOPATHY). fte SK«Sk Of 
S£S^!fiJ22£El2P««*« heart Wlurc was dassinei for sever^ uS^lha^YoS 

^« "VIS the most severe levri^iaclShire^ 

. Tables 





HERCEPTIN* 
atone 
n»213 


HBlCEPnN 
tPacTitaxeP 
n»91 


PacfilaxeP 
n«95 


HERCEPni* 
♦Ar^thracyctine 
fcydophosphamide^ 
a»143 


Aflthfacydine «- 
Qffjoj^iosphamide^ 
n»135 


Any Cardiac 
l^rshaxtiQn 


7% 


11% 


1% 


28% 


7% 


(3assllHV 


5% 


4% 


1% 


19% 


3% 



JfSSiS l^^Ji^i,^.^ ^ ^ appropriate methtrt S^Soii for 

S^KSSia^Ld^S^i^^ cardiotoxla^onitorlng may not iden^fy^S 



HERCEPTirfTrastuiu..,^) 

E^rtrgfPgWtftiQfl should be exercised in treating patients with pre-existing cardiac dysfuactlon 
Patients receiving HERCEPTIN should undergo frequent monitoring lor deterioiatlng cardiac function 
The probability of cardiac dyshjnction was highest in patients who uc^rcn^Z 

adequate to ev,h.3teth.corrrtatlonWenHERaPT&rtlSSlo*^^ 
Discontinuation of HERCEPTIN therapy should t>e stronolv con^ttniHt in ^ . 

W slgniront congestive heaffaC^^^^ ffiS 

^mcStw S ?Jtl^'^^^ ^'J^^ often iiiclu^ng^Sf^MfiS^rt 

HERCEPTIN. The safety of conUnuaBon or resumption of HERCEPTIN in oaSnte who haw 

SSSSi^^ Thereire insuffia^Td^^^^ 

dBConirnuatioo of HERCEPTIN therapy in patients vrith asymptomatic decreases in fiSa oS 
fraction: such pabents should be closeV mortlored for evidwa 5 Sl3S d^Sto^of ^ 
HYpeneosiUvlly Reactions Including Anaphylaiis: 

Severe hypersensitivity reactions have been tnfrequcntiy reported in natifints treaiwi wrth »nrftmu 

(see BOXED WARNING^ HYPERSENSITrmmCT?^ 

symptoms mdude anaphylaxis, urticaria, bronchospasm anoloS™ anrtJJfh^^ 

SiL^^^Siif^lSS^ ^ sytrmtom onset after the completion of ai toSSSn ftewfiS 
were most commonly reported massodatlon with the initial infusion. ««Dons 
HTOCEPTIM Irtfuslon should be Inlemipted In all patients oflh severe hVDersenilUvllv 
S""?j:*-Jl'fSi^"' ^ hypersensitivity reaction, appropriate medSme^Iw^d^ 

slins SS'Sm^cSS ^ '^^ ^"^^ """^^ coi!!pi5e^S!li$^ 

^Sl '*^^Jf&lS^?Sl^J^l"^^^ ^ identification of patients who may 

hifusion Rea ctlens : 

have been assocated with ffe use of HERCCPTiN. (See BOXED WARNINGSmJSSioN mCT^) 

SJa^in^^.^MsETEAC^?^^^ WT* S 

ote^ MfS2?I2J2SSSS.!?!!i^ ^ HERCEPTIN mhjsion were 

ooseiveo and tndoded bronchospasm. hypoxia, and severe hypotension These severe reactions 

h?m JS^rS?^^^.'??^' ^i?^ ^^"^ Of HERCEPnraT^^:SS?d 
SIm?!? ^^^^^H' Homnnr, the onset and dinical cwrse were varlatS For swne 

fi??S2f^W2!* pnwressjvely worsened and led to farther pulmonary aInpSa« (See 

^nTt^^!^!^J!^^^ Sf^ swcessftjlly with bitemiptlon of the HERCEPTIN Infushm 
and supportive therapy induding oxygen, intravemws fluids, beta-agonists, ami cordcosteroiS^ 

method rfidentiflcatlOT of patisits who may safely 
«JSSS^^L ^ wrfendng a severe Infusion reotion HERCEPTIN S tiSn 

r^S*rffiJ^J***J"'V ^^'^^ ^ «»«vfou$ Severn readlon. Worto 
^^S^^^^^!^^:^!^ gtgggg.P«tent5 were pmpfiytactleany treated wiS^i^ 
JS^'iy^^^stan^^and/wc^^ WhBe some of tfiese patients tolerated 
reiieamjent others had severe reartions again despite the use of proplM^ 
Putmonan Events: 

f^l^,SSIl^iJ^i!^^J3 *° 'ave been reported rarely wfth the use of HERCEPTIN 
symptoms and cinGl flmfings Indude dyspnea, pulmonary 

tS^J^^SSLT:^''^^ P*5!!?[!?^ edemT pulmoria^'SwwSf «3 
syndrome. These events may or may not occur as seouSS 
ill^^S^^^^ WARNINGS: brfuslon Reactions.) Patients wid? sSn^^ MiS 

puSnofSySrS!** ra^V In the postmartceting setting indude pneumonids and 

PRECAUTIONS 
General: 

itaSISISh^feffi- wSIi^ ^ ^ hypersensitivity to 

Trashttumab. Chinese Hamster Ovary cdl proteins, or any component of this product 

HEII2TesUDo: 

^SSSSI^^ISEr^^ ^ pcrtofmed by laboratories wfth demonstrated 

ublized improper aSayperfom«w». induding^ 

Drag bitenctlom: 

VmSJSm^^, no formal drug imeradion studies perfonned vwth HERCEPTIN in humans. 
HFflffPrS^l^S'^f combination with HERcfpTlN resulted in a twVfold decreSe^ 

Benzyl Aleobd: 

^« iS*?nhS«niTI?«^ ^^0' preservative in Baderiostadc 

KS^Ainiuf^,.^^^!SJS^^^^ with Sterile Water lor Infection (SWH). OSP 
DISCARD THE SWR-flECONSTfTUTH) HERCEPTIN VIAL FOllOWING A SlNGLEOsC 

Carctnogenesls. fijlutageBesis. Impalnnent of ftrtlllly: 

Carclnogenetir. 

HERCEPTIN has not been tested for Its cardnogenic potentiaL 
Mutagenesis: 

bi^^s^tS^^L^^J^^'^ ^ ^ tests using six different test strains of 
S^S^JSSiJSi^S^^ metabolic adh^on at concenfraiions of up to 5000 pg/ml Trastuzumab. 
Human penpheral Wood lymphocytes treated /7i vifro at concentrations of up to 5000 pg/plate 



HEflCEPTIN* (Trajluzuinab) 

TrastuTumab, with artf wjiftout metabolic aciivation. revealed no evidence of mutagenic potential. In 
dninwo mutagenic assay (the micron ucteus assay), no evidence of chromosomal damage to mouse 
Ixme marrow cefls was observed following bolus Intravenous doses of up to 1 18 mg/kp Trastunimab. 
tmpatrmenl of Fertility: 

A fertility study fias been conducted In female cynomolous monteys at doses up to 25 times the weeUv 
tiuman niaintenance dose of 2 mgAcg HERCEPRN and has revnied no evidence of impaired fer^^ 
Pregnancy Category B: 

Reproduction studies have been conducted In cynomolous monteys at doses up to 25 times the 
jecldy hum^ maintenance dose of 2 mo/Vg HERCEPTlN and have revealed no evidence of 
impaired ferbBty Of harm to the fetus. However. HER2 protein expression is high In many 
embryonic dssues Incigdina cardiac and neural tissues; In mutant mice lacking HEfl2. embrvw 
d|ed m earty oestation.' Placental transfer of HERCHPTiN during the early (Days 2C>-50 of 
geslatlor*) Md late {Days 120-150 of gestation) fetal development periodT was obSnS K 
monkeys. Jiere are, however, no adetjuaie and wen-controOed studies h pregnant women 
Becawe ammal repnxluction shidies are not ahrays predictive of human response this druo 
sliould be used dunng pregnancy only if dearly needed. ' ^ 



HERCEPTIir(Tr3slU2uiK^ 



A ttidy conducted h bciating qnomolgus monkeys at doses 25 times the weeWy human 
inatmenance dose of 2 mg/Xg HERCEPTlN demonstrated that Trastuzumab b secreted in the mIDc 
we pfwenw of Trastuzumab In the scmm of infant monkeys was not associated with any adverse 
SoSffiif 2' jevelopment from birth to 3 months of age. It fe not known whether 

*L^!?^ »o human mlk. Because human (gS is excreted in human mflk. and the 
potential forabsorptjon»id hann to the infant is unknown, women should be advised to discontinue 
nursing during HtRCEPTiN therapy and for B months after the last dose of HERCEPTlN. 
Pediatric Use: 

the saf e^ and effectiveiiess of HERCEPTlN In pedialrfc patients have not been established 
Geffatrie Use: 

iSS'II'llS.**^^ admingered to 133 patients who were 65 years of age or over. The risk of 
^^SffSSSSJl^l^i^!^ ^^J&^ P3tfe«& The reported dinicaf experience is not 
adequate to determine whether older patients respond differently km younger pa^ts. 

MVStSE REACTIONS 

^Pw? ?^ ^"P ^ HERCEPTlN alone or in combination with 
Z^SfiKSSK,?^'" Table 4 are based on the experience with the recommended dosing reolmen 
C'.SSS? JHH^k'*"^'!? ted cwuplled diS trial in 234 patiSteX^^C^ 
5i?^^iJ?t "S^^^a?^^ and fowoptt4abel «^ of HERCEPTlN as a single agent in 
352 patients at doses of 10-500 mg administered weeUy. 
Cinllac FallDre/DysfiiRctloa: 

WARNlN^ffirtScSf^ *« BOXED WARNINGS: CARDIOMYOPATHY and 

Anemia and Leskepeola: 

25i!!SSSS^J!fl?^ leukopenia was observed in the treatment ortwp reccwlng 

SS^ri^SS!?'^^ the HffiCEPTIN and AC subgroup, compart with the 

mooerate m intensity, reversiUi^ ami iione restdted in discoriiims^ 
!!SI^'SO!L?'^^'"'f^"^t followfng the administralton of HBtCEPTIN as a single aoent 
towSs^SSSSe'ltS' ^' hemoglobin aS No'SaelV 

Dfarrhea: 

hlff^J^^^J^^ia ? * !S2l*P"»^ 25* expcrtenced diahhea. An increased 
hifecllon: 

SSliSSSSfUlSSSS Slilif****"^ ^'^^ ^ ^ fespiiatoiy intectf ons of minor dfnical 
5Si rtSnSSf^^ Wedlons, was observed hi patients recehring HERCEPTlN In combination 

bfttslonReacUms: 

JSt°L*iSL!S5?"^ about 40% of patimts in dinical triais. The symptoms were usually 
S2L2^!I°i2?? 5 *2F^ \^ ^ acetaminophen, aiphenhydramine. anS 

^^?J^^!JX J!S"'5S[" In the rate 01 HERCE^IN In&sionJ, HERttPTIN 
^SS?^2L*2?iS!!"2S:P*?^ ^Ignraid/w ^ptoms mw indude nausea. vofnWng. pain 
ShPrf? SfJi^^" ***"L7?5ii!^^*^ <*^°incss. (fr^ea. hypotension, rash ^ 
S5S»i,JII?„SCnptonfis occurred Infrequentty with sutsequent HERCew InftKlons, (See 
BOXED WARNlffe INRiSlON REACTIONS aiSrWARNINGTlUsion RraSore.) 

SJSSSlhfSr^'S^^ postmartceUng use of HERCEPTlN. 

SSl?«SSSfr???2 £! Wtrt whmtar^rfrom a populatfon of uncertain stze. it Is not 

HnersensitiTfty Readhms Inchrding Anaphylails 
Punnooary Eventc 




fi^irtrXrJ;^^^^^ M^uuiNii flflwPHYUWis and WARNINGS: Hypersensitivity 

Reactions Induding Arnphytods). These events indude anaphylaxis, angioedema. broichospasnL 

ClBmemtopathy 

5nJ!LKll"S!?K^ 22 5^*5 nephrotic syndrome with pathologic evidence of 
SSSSS^Sr^i^nSf "J^ffi^ISL^^^ ^ ^ ^ ^ "months to appnsdmatety 18 
SSJ^^H^^S!iJ ^^^.J^^ Pathologic findlnos induded membranous 
85J£Stei?5L£S! Btonerutosclerosls and fibrHaiy glameriilonephriti& Cofflpfications 
induded vohime overload and congestive heart taBure. k •* 



Adverse Events OccurTing in * 5% of Patients or at 
Increased incidence in the HERCEPTlN Arm of the Randomized Study 
(Percent of Patients) ' 





Single 


HERCEPTlN 


♦ Paditaxel 


HERCEPTlN 






Agent 


Paditaxel 


Atone 


♦ AC 


AC Alone 




n=352 


ns91 


n*95 


0^143 


0=135 


Body as a Whole 












Pain 


47 


61 


62 


57 


42 


Asthenia 


42 


62 


57 


54 


55 


Fever 


36 


49 


23 


• 56 


34 


Ctiifls 


32 


41 


4 


35 


11 


Headsclis 


£0 


M 


28 


44 


31 


Abdominal pain 


22 




« 


23 


18 


BjdtpalA 


22 




30 


27 


15 


Infection 


20 


At 


27 


47 


31 


Ru syndrome 


10 


14 


e 
9 


12 


6 


Accidental bjuiy 


B 


13 


J 


9 


4 


Allergic reaction 


3 


3 


c 


4 


2 


Canliovascular 












TachycanJia 


5 


12 


4 


10 


5 


Congestive beart taStire 


7 


11 


1 


28 


7 


DigesUve 










Natisea 


33 


51 


9 


76 


77 


Diwfiea 


25 


45 


29 


45 




VonAino 


23 


37 


23 


S3 


49 


Nausea and vonnSng 


B 


14 


11 


18 


9 


Anorexia 


14 


24 


16 


31 


26 


Heme & lymphatic 












Anemia 


4 


14 


9 


36 


26 


Leukopenia 
Mgtriiofc 


3 


24 


17 


52 


34 


Peripiiefal edema 


10 




Zu 


20 


17 


Edema 

Musculosketelal 


8 


10 


a 

0 




5 


Boaepalo 




24 


10 


7 


7 


Arthfalgii 


B 


37 


91 


8 


9 


Nervous 












tosomtfi 
Dizziness 


14 


25 


13 


29 


IS 


13 


22 


24 


24 


18 


Paresthesia 


9 


48 


39 


17 


11 


Depression 




19 

IS 


13 


20 


12 


Peripheral neuritis 


2 


99 


16 


2 


2 


Neoropathy 


1 


13 




A 


4 


^espjato^f 












Cough Increased 


26 


41 


22 


43 


29 


Dyspnea 


22 


27 


26 


42 


K 


RhisSis 


14 


22 


5 


22 


16 


Phaiyngais 


12 


22 


14 


30 


18 


Sino^ 


9 


21 


7 


13 


6 














Rash 


18 


38 


18 


27 


17 


Herpes dnpkx 


2 


12 


3 


7 


9 


Acne 


2 


11 


3 


3 


<1 


Ihogeidal 












IMnarytradiofMion 


5 


18 


14 


13 


7 



HERCEPTIM' (Trastuzumab) 
Oiher Serious Advene Events 

J5l!2'2^»9 serious adverse events occurred in at least one of the 958 patients treated with 
ntnCcr TIN in cnmcal Studies 

Botfy-« a Whole: ccUuritis. anaphylactoid reacUon. ascites, hydrocephalus, radiation inlufv 
oeainess. amiHyopia 

Cardiwascu'ap vascular thrombosis, pericardial effusion, heart arrest, hypoiensiorL svncooe 
hemorrhage, shock, arrhythmia »/iitupe. 

fiiaesSxfi: hepatic bilure; gastroenteritis, heniatemesis. Oeus. intestinal ottstruction. colitis, 
esophageal ulcer, stomatiiis. pancreatitis, hepatitis v«»,i*i.i.u... w,,u5. 

Endocrine : hypothyroidism 

tfpmatQiMtgf: pancytopenia, acute leukemia, coaguiatron disorder, lymphangitis 
Mgggl^hypercalcemia, hyponriagnesemii. hyponatremia, hypoglycemia, growth retardation. 

Muscoloskeletair pathologlctf fractures, hone necrosis, myopathy 
KfiOEfiUS: convulsion, ataxia, confusion, manic reaction 
BesDiptofv: apnea, pneumothorax, asthma, hypoida. laryngitis 
SSir. herpes zostar, skin ulcoratton 

{l^j^^fonephrosis. Udney faihire; cervfca! cancer, hemahjria, hemorrhagic cystitis. 
Immunogenicily: 

01 903j»tlCTis who have been evaluated, human anti-human antibody (HAHA) to Trastuzumab' 
was detected In one patient, who had no anergic manifestations ' 

!?iS5^S!5?.*i?S?S?0e of patients whose test results were considered positive for antibodies 
lo HERCEPHN m the HAHA assay for Tiashaumab. and are highly dependent on fltesS^^aS 
geafe^fofjje assay. Additionally, the observed incidence 3 antitS^ poslSrtyS^S^™ 
^i^^^n.SlL^lI^^Jl'^''^^ sample handling, timings sWie Ssffi 
wncomtont n»to«on^.and undeftyino disease. For these reasons^ comparison of the incidence 
of antibodies to HERCEPTIN with theWdence of antibodies to othw prodiSs may bemSeaSS 
OVERDOSAGE 

There no experience with overdosage in human ciinteaf trials. Single doses higher than 500 ma 
nave not oeen tested. 

DOSAGE AND AOMOnSTfUTION 



2.??SSS*^'a-.^?^^ ^ ^ ^ ^Suted in saline for IV inftsion. 00 MOT ADMWlsmi AS 
AN IV PUSH OR BOIUS. (See DOSAGE AND ADMlfflSTRATIOft Admhiistiatlon.) 
Prepantf on for AdmlabtraQon 

The dibent P^<^J^^^ formubted to maintain the stabHty and sterility of HERCEPTIN for up 
?J?^Sn:#°J52i4S!^ ^^.."5 preservatives for HERC£Pn^l 

Each vial of HERCEPTIM should be reconstituted with 20 ml of Bwa USP, 11% benzyl alcohol 
presttiffid as supplied, to yIeW a multi-dose solution containing 21 ma/mL Trasbizumab 
ImnydB^y upon reconstrtutfon with Bwa the vial of HERCEPTIN must be labeled In iSw «ra 
marked -Oo not use after' with the future date th^ is 23 days from the date of reconstilutton. 

bas taown hypersemitivihr to benzyl aicohol, HERCEPTIN must be reconstituted with 
S2!?^^^^Sifl^Jsee Pf^ECAOnONS.) HERCOTIN WHICH HAS BEEN TOONsBmS 
rsKfe DiSCARoMS 

^«1!SSi!fSn%a,^^ 

Use appropriate aseptic technique when performing the following feconsb'tution steps: 
cake of Trastuzumati. the stream of diluent should t)e directed into the II 



b. Swirt thejriaf gently to aid reconstitulion. Trastuzumab may be sensitive to shear-induced stress, 
eg., agitation or rapid expulsion from a syringe. 00 NOT SHARE. 
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WARNING 

CARDIOMYOPATHY: 

HERCEPTIN administration can result in the development of ventricular dysfunction and 
congestive heart failure. Left ventricular function should be evaluated in all patients prior to and 
during treatment with HERCEPTIN. Discontinuation of HERCEPTIN treatment should be strongly 
considered in patients who develop a clinically significant decrease in left ventricular function. The 
incidence and severity of cardiac dysfunction was particularly high in patients who received 
HERCEPTIN in combination with anthracyclines and cyclophosphamide. (See WARNINGS ,) 



DESCRIPTION 

HERCEPTIN (Trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that 
selectively binds with high affinity in a cell-based assay (Kd = 5 nM) to the extracellular domain of 
the human epidemial growth factor receptor 2 protein, HER2.1*2 The antibody is an IgGj kappa that 

contains human framework regions with the complementarity-determining regions of a murine 
antibody {4D5) that binds to HER2. 

The humanized antibody against HER2 is produced by a mammalian cell (Chinese Hamster Ovary) 
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[CHO] suspension culture in a nutrient medium containing the antibiotic gentamicin. Gentamicin is 
not detectable in the final product. 

HERCEPTIN is a sterile, white to pale yellow, preservative-free lyophilized powder for intravenous 
(IV) administration. The nominal content of each HERCEPTIN vial is 440 mg Trastuzumab, 9.9 mg 
L-histidine HCl, 6.4 mg L-histidine, 400 mg a,a-trehalose dihydrate, and 1.8 mg polysorbate 20, 
USP. Reconstitution with only 20 mL of the supplied Bacteriostatic Water for Injection (BWFI), 
USP, containing 1.1% benzyl alcohol as a preservative, yields a multi-dose solution containing 21 
mg/mL Trastuzumab, at a pH of approximately 6. 

Return to Table of Contents 

CXINICAL PHARMACOLOGY 

General 

The HER2 (or c-erbB2) proto-oncogene encodes a transmembrane receptor protein of 18S kDa» whict 
is structurally related to the epidermal growth factor receptor.- HER2 protein overexpression is 
observed in 25%-30% of primary breast cancers. HER2 protein overexpression can be determined 

using an immunohistochemistry-based assessment of fixed tumor blocks.- 

Trastuzumab has been shown, in both in vitro assays and in animals, to inhibit the proliferation of 
human tumor cells that overexpress HER2.— 

Trastuzumab is a mediator of antibody-dependent cellular cytotoxicity (ADCC).^ In vitro, 
HERCEPTIN-mediated ADCC has been shown to be preferentially exerted on HER2 overexpressing 
cancer cells compared with cancer cells that do not overexpress HER2. 

Return to Table of Contents 

Pharmacokinetics 

The pharmacokinetics of Trastuzumab were studied in breast cancer patients with metastatic disease. 
Short duration intravenous infusions of 10 to 500 mg once weekly demonstrated dose-dependent 
pharmacokinetics. Mean half-Ufe increased and clearance decreased with increasing dose level. The 
half-life averaged 1.7 and 12 days at the 10 and SOO mg dose levels, respectively. Trastuzumab*s 
volume of distribution was approximately that of serum volume (44 mL/kg). At the highest weekly 
dose studied (500 mg), mean peak serum concentrations were 377 microgram/mL. 

In studies using a loading dose of 4 mg/kg followed by a weekly maintenance dose of 2 mg/kg, a 
mean half-hfe of 5.8 days (range = 1 to 32 days) was observed. Between Weeks 16 and 32, 
Trastuzumab serum concentrations reached a steady state with a mean trough and peak concentrations 
of approximately 79 microgram/mL and 123 microgram/mL, respectively. 

Detectable concentrations of the circulating extracellular domain of the HER2 receptor (shed antigen) 
are found in the serum of some patients with HER2 overexpressing tvunors. Determination of shed 
antigen in baseHne serum samples revealed that 64% (286/447) of patients had detectable shed 
antigen, which ranged as high as 1880 ng/mL (median =11 ng/mL). Patients with higher baseline 
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shed antigen levels were more likely to have lower serum trough concentrations. However, with 
weekly dosing, most patients with elevated shed antigen levels achieved target serum concentrations 
of Trastuzumab by Week 6. 

Data suggest that the disposition of Trastuzumab is not altered based on age or serum creatinine (up 
to 2.0 mg/dL). No formal interaction studies have been performed. 

Mean serum trough concentrations of Trastuzumab, when administered in combination with 
paclitaxel, were consistently elevated approximately 1.5-fold as compared with serum concentrations 
of Trastuzumab used in combination with anthracycline plus cyclophosphamide. In primate studies, 
administration of Trastuzumab with paclitaxel resulted in a reduction in Trastuzumab clearance. 
Serum levels of Trastuzumab in combination with cisplatin, doxorubicin or epirubicin plus 
cyclophosphamide did not suggest any interactions; no formal drug interaction studies were 
performed. 

Return to Table of Contents 
CLINICAL STUDIES 

The safety and efficacy of HERCEPTIN were studied in a randomized, controlled clinical trial in 
combination with chemotherapy (469 patients) and an open-label single agent clinical trial (222 
patients). Both trials studied patients with metastatic breast cancer whose timiors overexpress the 
HER2 protein. Patients were eligible if they had 2+ or 3+ levels of overexpression (based on a 0-3+ 
scale) by inunimohistochemical assessment of tumor tissue performed by a central testing lab. 

A multicenter, randomized, controlled clinical trial was conducted in 469 patients with metastatic 
breast cancer who had not been previously treated with chemotherapy for metastatic disease. Patients 
were randomized to receive chemotherapy alone or in combination with HERCEPTIN given 
intravenously as a 4 mg/kg loading dose followed by weekly doses of HERCEPTIN at 2 mg/kg. For 
those who had received prior anthracycline therapy in the adjuvant setting, chemotherapy consisted of 

paclitaxel (175 mg/m^ over 3 hours every 21 days for at least six cycles); for all other patients, 
chemotherapy consisted of anthracycline plus cyclophosphamide (AC: doxorubicin 60 mg/m^ or 
epirubicin 75 mg/m^ plus 600 mg/m^ cyclophosphamide every 21 days for six cycles). Compared 
with patients in the AC subgroups (n = 281), patients in the paclitaxel subgroups (n = 188) were more 
likely to have had the following: poor prognostic factors (premenopausal status, estrogen or 
progesterone receptor negative tumors, positive lymph nodes), prior therapy (adjuvant chemotherapy, 
myeloablative chemotherapy, radiotherapy), and a shorter disease-free interval. 

Compared with patients randomized to chemotherapy alone, the patients randomized to HERCEPTIN 
and chemotherapy experienced a significantly longer median time to disease progression, a higher 
overall response rate (ORR), a longer median duration of response, and a higher one-year survival 
rate. (See Table 1.) These treatment effects were observed both in patients who received 
HERCEPTIN plus paclitaxel and in those who received HERCEPTIN plus AC, however the 
magnitude of the effects was greater in the paclitaxel subgroup. The degree of HER2 overexpression 
was a predictor of treatment effect. (See CLINICAL STUDIES: HER2 protein overexpression^ 
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Table 1 

Phase III Clinical Efficacy in First-Line Treatment 





Combined Results 


Paclitaxel subgroup 


AC subgroup 


HERCEPTIN 
+ 

All 

Chemotherapy 
(n = 235) 


All 

Chemotherapy 
(n = 234) 


HERCEPTIN 
+ 

Paclitaxel 
(n = 92) 


Paclitaxel 
(n = 96) 


HERCEPTIN 
+ 

AC'' 
(n=143) 


AC 
(n = 
138) 


Primary Endpoint 


Time to Progression''' 


Median 
(monttis) 


7.2 


4.5 


6.7 


2.5 


7.6 


5.7 


95% 

confidence 
interval 


6.9, 8.2 


4.3,4.9 


5.2. 9.9 


2.0,4.3 


7.2, 9.1 


4.6, 
7.1 


p-value (log 
rank) 


<0.0001 


<0.0001 


0.002 


Secondary Endpoints 


Overall Response Rai^ 


Rate 
(percent) 


45 


29 


38 


15 


50 


38 


95% 

confidence 
interval 


39,51 


23, 35 


28,48 


8,22 


42, 58 


30, 
46 


p-value (x2- 
test) 


<0.001 


<0.001 


0.10 


Duration of Respons^' " 


Median 
(months) 


8.3 


5.8 


8.3 


4.3 


8.4 


6.4 


25%, 75% 
quantile 


5.5, 14.8 


3.9, 8.5 


5.1, 11.0 


3.7, 7.4 


5.8, 14.8 


4.5, 
8.5 


1-Year Survival 


Percent alive 


79 


68 


73 


61 


83 


73 


95% 

confidence 
interval 


74, 84 


62, 74 


66, 80 


51,71 


77, 89 


66, 
82 



II II II 1 
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p-value (Z- 
test) 



<0.01 



0.08 



0.04 



^ AC = anthracycline (doxorubicin or epirubicin) and cyclophosphamide. 
^ Assessed by an independent Response Evaluation Committee. 
^ Kaplan-Meier Estimate 



HERCEPTIN was studied as a single agent in a multicenter, open-label, single-arm clinical trial in 
patients with HER2 overexpressing metastatic breast cancer who had relapsed following one or two 
prior chemotherapy regimens for metastatic disease. Of 222 patients enrolled, 66% had received prior 
adjuvant chemotherapy, 68% had received two prior chemotharapy regimens for metastatic disease, 
and 25% had received prior myeloablative treatment vdth hematopoietic rescue. Patients were treated 
with a loading dose of 4 mg/kg IV followed by weekly doses of HERCEPTIN at 2 mg/kg IV. The 
ORR (complete response + partial response), as determined by an independent Response Evaluation 
Committee, was 14%, with a 2% complete response rate and a 12% partial response rate. Complete 
responses were observed only in patients with disease limited to skin and lymph nodes. The degree of 
HER2 overexpression was a predictor of treatment effect. (See CLINICAL STUDIES: HER2 protein 
overexpression, ) 

Return to Table of Contents 

HER2 Protein Overexpression 

Relationship to Response: In the clinical studies described, patient eligibility was determined by 
testing tumor specimens for overexpression of HER2 protein. Specimens were tested with a research- 
use-only immunohistochemical assay (referred to as the Clinical Trial Assay, CTA) and scored as 0, 
1+, 2+, or 3+ with 3+ indicating the strongest positivity. Only patients with 2+ or 3+ positive tumors 
were eligible (about 33% of those screened). 

Data from both efficacy trials suggest that the beneficial treatment effects were largely limited to 
patients with the highest level of HER2 protein overexpression (3+). (See Table 2.) 



Table 2 

Treatment Effect versus Level of HERZExpression 





Single- Arm Trial 


Treatment Subgroups in 
Randomized Trial 


HERCEPTIN 


HERCEPTIN + Paclitaxel HERCEPTIN + AC 
Paclitaxel AC 


Overall Response Rate 


i 
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2+ overexpression 


4% 
(2/50) 


21% 
(5/24) 


16% 
(3/19) 


40% 
(14/35) 


43% 
(18/42) 


3+ overexpression 


17% 
(29/172) 


44% 
(30/68) 


14% 
(11/77) 


53% 
(57/108) 


36% 
(35/96) 


Median time to progression (months) 
(95% CI) 


2+ overexpression 


N/A" 


4.4 

(2.2,6.6) 


3.2 
(2.0, 5.6) 


7.8 
(6.4, 10.1) 


7.1 
(4.8, 9.8) 


3+ overexpression 




7.1 

(6.2, 12.0) 


2.2 
(1.8, 4.3) 


7.3 

(7.1, 9.2) 


4.9 
(4.5,6.9) 



^ N/A = Not Assessed 



Immunohistochemical Detection: In clinical trials, the Clinical Trial Assay (CTA) was used for 
inununohistochemical detection of HER2 protein overexpression. The DAKO HercepTest™; , 
another immunohistochemical test for HER2 protein overexpression, has not been directly studied for 
its ability to predict HERCEPTIN treatment effect, but has been compared to the CTA on over 500 
breast cancer histology specimens obtained from the National Cancer Institute Cooperative Breast 
Cancer Tissue Resource. Based upon these results and an expected incidence of 33% of 2+ or 3+ 
HER2 overexpression in tumors from women with metastatic breast cancer, one can estimate the 
correlation of the HercepTest results with CTA results. Of specimens testing 3+ (strongly positive) on 
the HercepTest, 94% would be expected to test at least 2+ on the CTA (i.e., meeting the study entry 
criterion) including 82% which would be expected to test 3+ on the CTA (i,e., the reading most 
associated with clinical benefit). Of specimens testing 2+ (weakly positive) on the HercepTest, only 
34% would be expected to test at least 2+ on the CTA, including 14% which would be expected to 
test 3+ on the CTA. 

Return to Table of Contents 

INDICATIONS AND USAGE 

HERCEPTIN as a single agent is indicated for the treatment of patients with metastatic breast cancer 
whose tumors overexpress the HER2 protein and who have received one or more chemotherapy 
regimens for their metastatic disease. HERCEPTIN in combination with paclitaxel is indicated for 
treatment of patients with metastatic breast cancer whose tumors overexpress the HER2 protein and 
who have not received chemotherapy for their metastatic disease. HERCEPTIN should only be used 
in patients whose tumors have HER2 protein overexpression. (See CLINICAL STUDIES: HER2 
protein overexpression for information regarding HER2 protein testing and the relationship between 
the degree of overexpression and the treatment effect.) 

Return to Table of Contents 

CONTRAINDICATIONS 
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None known. 

Return to Table of Contents 

WARNINGS 

Cardiotoxicity: 

Signs and symptoms of cardiac dysfunction, such as dyspnea, increased cough, paroxysmal nocturnal 
dyspnea, peripheral edema, S3 gallop, or reduced ejection fraction, have been observed in patients 

treated with HERCEPTIN, Congestive heart failure associated with HERCEPTIN therapy may be 
severe and has been associated with disabling cardiac failure, death, and miual thrombosis leading to 
stroke. The clinical status of patients in the trials who developed congestive heart failure was 
classified for severity using the New York Heart Association classification system (I-IV, where IV is 
the most severe level of cardiac failure). (See Table 3.) 



Tables 

Incidence and Severity of Cardiac Dysfunction 





HERCEPTIN* 
alone 

n = 213 


HERCEPTIN 
+ 

Paclitaxel** 

n = 91 


Paclitaxel'' 

n = 95 


HERCEPTIN+ 
Anthracycline+ 

cyclophosphamide^ 

n=143 


Anthracyclin&^ 
cyclophosphamide^ 
n = 135 


Any 
Cardiac 
Dysfunction 


7% 


11% 


1% 


28% 


7% . 


Class m-IV 


5% 


4% 


1% 


19% 


3% 



^Open-label, single-agent Phase II study (94% received prior anthracyclines). 

^^Randomized Phase ni study comparing chemotherapy plus HERCEPTIN to chemotherapy alone, 

where chemother^y is either anthracycline/cyclophosphamide or paclitaxel. 



Candidates for treatment with HERCEPTIN should imdergo thorough baseline cardiac assessment 
including history and physical exam and one or more of the following: EKG, echocardiogram, and 
MUGA scan. There are no data regarding the most appropriate method of evaluation for the 
identification of patients at risk for developing cardiotoxicity. Monitoring may not identify all patients 
who will develop cardiac dysfimction. 

Extreme caution should be exercised in treating patients with pre-existing cardiac dysfimction. 

Patients receiving HERCEPTIN should imdergo fi-equent monitoring for deteriorating cardiac 
fimction. 

The probabiUty of cardiac dysfimction was highest in patients who received HERCEPTIN 
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concurrently with anthracyclines. The data suggest that advanced age may increase the probability of 
cardiac dysfunction. 

Pre-existing cardiac disease or prior cardiotoxic therapy (e.g., anthracycline or radiation therapy to the 
chest) may decrease the ability to tolerate HERCEPTIN therapy; however, the data are not adequate 
to evaluate the correlation between HERCEPTIN-induced cardiotoxicity and these factors. 

Discontinuation of HERCEPTIN therapy should be strongly considered in patients who develop 
clinically significant congestive heart failure. In the clinical trials, most patients with cardiac 
dysfunction responded to appropriate medical therapy often including discontinuation of 
HERCEPTIN. The safety of continuation or resimiption of HERCEPTIN in patients who have 
previously experienced cardiac toxicity has not been studied. There are insufficient data regarding 
discontinuation of HERCEPTIN therapy in patients with asymptomatic decreases in ejection fraction; 
such patients should be closely monitored for evidence of clinical deterioration. 

Return to Table of Contents 

PRECAUTIONS 

General: HERCEPTIN therapy should be used with caution in patients with known hypersensitivity 
to Trastuzumab, Chinese Hamster Ovary cell proteins, or any component of this product 

Drug Interactions: There have been no formal drug mteractibn studies performed with HERCEPTIN 
in humans. Administration of paclitaxel in combination with HERCEPTIN resulted in a two-fold 
decrease in HERCEPTIN clearance in a non-human primate study and in a 1 .5-fold increase in 
HERCEPTIN serum levels in clinical studies. (See PHARMACOKINETICS .) 

Benzyl Alcohol: For patients with a known hypersensitivity to benzyl alcohol (the preservative in 
Bacteriostatic Water for Injection) reconstitute HERCEPTIN with Sterile Water for Injection (SWFI), 
USP. DISCARD THE SWFI-RECONSTITUTED HERCEPTIN VIAL FOLLOWING A SINGLE 
USE. 

Immunogenicity: Of 903 patients who have been evaluated, human anti-human antibody (HAHA) to 
Trastuzumab was detected in one patient, who had no allergic manifestations. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 

Carcinogenesis: HERCEPTIN has not been tested for its carcinogenic potential. 

Mutagenesis: No evidence of mutagenic activity was observed in Ames tests using six different test 
strains of bacteria, with and without metabolic activation, at concentrations of up to 5000 jig/mL 
Trastxizumab. Human peripheral blood lymphocytes treated in vitro at concentrations of up to 5000 
Jig/plate Trastuzumab, with and without metabolic activation, revealed no evidence of mutagenic 
potential. In an in vivo mutagenic assay (the micronucleus assay), no evidence of chromosomal 
damage to mouse bone marrow cells was observed following bolus intravenous doses of up to 1 18 
mg/Tcg Trastuzumab. 

Impairment of Fertility: A fertility study has been conducted in female cynomolgus monkeys at 
doses up to 25 times the weekly human maintenance dose of 2 mg/kg HERCEPTIN and has revealed 
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no evidence of impaired fertility. 

Pregnancy Category B: Reproduction studies have been conducted in cynomolgus monkeys at doses 
up to 25 times the weekly human maintenance dose of 2 mg/kg HERCEPTIN and have revealed no 
evidence of impaired fertility or harm to the fetus. However, HER2 protein expression is high in 
many embryonic tissues including cardiac and neural tissues; in mutant mice lacking HER2, embryos 
died in early gestation.^ Placental transfer of HERCEPTIN during the early (Days 20,50 of gestation) 
and late (Days 120, 150 of gestation) fetal development period was observed in monkeys. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used diuing pregnancy only 
if clearly needed. 

Nursing Mothers: A study conducted m lactating cynomolgus monkeys at doses 25 times the weekly 
human maintenance dose of 2 mg/kg HERCEPTIN demonstrated that Trastuzumab is secreted in the 
milk. The presence of Trastuzxunab in the serum of infant monkeys was not associated with any 
adverse effects on their growth or development from birth to 3 months of age. It is not known whethei 
HERCEPTIN is excreted in human milk. Because human IgG is excreted in human milk, and the 
potential for absorption and harm to the infant is unknown, women should be advised to discontinue 
nursing during HERCEPTIN therapy and for 6 months after the last dose of HERCEPTIN. 

Pediatric Use: The safety and effectiveness of HERCEPTIN in pediatric patients have not been 
established. 

Geriatric Use: HERCEPTIN has been administered to 133 patients who were 65 years of age or 
over. The risk of cardiac dysfunction may be increased in geriatric patients. The reported clinical 
experience is not adequate to determine whether older patients respond differently from younger 
patients. 

Return to Table of Contents 
ADVERSE REACTIONS 

A total of 958 patients have received HERCEPTIN alone or in combination with chemotherapy. Data 
in Table 4 are based on the experience with the recommended dosing regimen for HERCEPTIN in the 
randomized controlled chnical trial in 234 patients who received HERCEPTIN in combination with 
chemotherapy and four open-label studies of HERCEPTIN as a single agent in 352 patients at doses 
of 10-500 mg administered weekly. 

Cardiac Failure/Dysfunction: For a description of cardiac toxicities, see WARNINGS . 

Anemia and Leukopenia: An increased incidence of anemia and leukopenia was observed in the 
treatment group receiving HERCEPTIN and chemotherapy, especially in the HERCEPTIN and AC 
subgroup, compared with the treatment group receiving chemotherapy alone. The majority of these 
cytopenic events were mild or moderate in intensity, reversible, and none resuhed in discontinuation 
of therapy with HERCEPTIN. 

Hematologic toxicity is infrequent following the administration of HERCEPTIN as a single agent, 
with an incidence of Grade III toxicities for WBC, platelets, hemoglobin all <1%. No Grade IV 
toxicities were observed. 
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Diarrhea: Of patients treated with HERCEPTIN as a single agent, 25% experienced dianhea; An 
increased incidence of diarrhea, primarily mild to moderate in severity, was observed in patients 
receiving HERCEPTIN in combination with chemotherapy. 

Infection: An increased incidence of infections, primarily mild upper respiratory infections of minor 
clinical significance or catheter infections, was observed in patients receiving IffiRCEPTIN in 
combination with chemotherapy. 

Infusion Reactions: During the first infusion with HERCEPTIN, a symptom complex most 
commonly consisting of chills and/or fever was observed in about 40% of patients in clinical trials. 
The symptoms were usually mild to moderate in severity and were treated with acetaminophen, 
diphenhydramine, and meperidine (with or without reduction in the rate of HERCEPTIN infusion). 
HERCEPTIN discontinuation was infrequent. Other signs and/or symptoms may include nausea, 
vomiting, pain (in some cases at tumor sites), rigors, headache, dizziness, dyspnea, hypotension, rash 
and asthenia. The symptoms occurred infrequently with subsequent HERCEPTIN infiisions. 

Table 4 

Adverse Events Occurring in > 5% of Patients or at 
Increased Incidence in the HERCEPTIN Arm of the Randomized Study 

(Percent of Patients) 





Single 
Agent 
n = 352 


HERCEPTIN 
+ Paclitaxel 
n = 91 


Paclitaxel 
Alone 
n = 95 


HERCEPTIN 
+ AC 
n = 143 


AC 
Alone 
n = 135 


Body as a Whole 


Pain 


47 


61 


62 


57 


42 


Asthenia 


42 


62 


57 


54 


55 


Fever 


36 


49 


23 


56 


34 


Chills 


32 


41 


4 


35 


11 


Headache 


26 


36 


28 


44 


31 


Abdominal pain 


22 


34 


22 


23 


18 


Back pain 


22 


34 


30 


27 


15 


Infection 


20 


47 


27 


47 


31 


Flu syndrome 


10 


12 


5 


12 


6 


Accidental injury 


6 


13 


3 


9 


4 


Allergic Reaction 


3 


8 


2 


4 


2 


Cardiovascular 


Tachycardia 


5 


12 


4 


10 


5 


Congestive heart failure 


7 


11 


1 


28 


7 
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Digestive 


Nausea 


33 


51 


9 


76 


• 77 


Diarrhea 


25 


45 


29 


45 


26 


Vomiting 


23 


37 


28 


53 


49 


Nausea and vomiting 


8 


14 


11 


18 


9 


Anorexia 


14 


. 24 


16 


31 


26 


Heme & Lymphatic 


Anemia 


4 


14 


9 


36 


26 


Leukopenia 


3 


24 


17 


52 


34 


Metabolic 


Peripheral edema 


10 


22 


20 


20 


17 


Edema 


8 


10 


8 


11 


5 


Musculoskeletal 


Bone pain 


7 


24 


18 


7 


7 


Arthralgia 


6 


37 


21 


8 


9 


Nervous 


Insomnia 


14 


25 


13 


29 


15 


Dizziness 


13 


22 


24 


24 


18 


Paresthesia 


9 


48 


39 


17 


11 


Dq)ression 


6 


12 


13 


20 


12 


Peripheral neuritis 


2 


23 


16 


2 


2 


Neuropathy 


1 


13 


5 


4 


4 


Respiratory 


Cough increased 


26 


41 


22 


43 


29 


Dyspnea 


22 


27 


26 


42 


25 


Rhinitis 


14 


22 


5 


22 


f6 


Pharyngitis 


12 


22 


14 


30 


18 


Sinusitis 


9 


21. 


7 


13 


.6 


Skin 


Rash 


18 


38 


18 


27 


17 
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Herpes simplex 


2 


12 


3 


7 


9 


Acne 


2 


11 


3 


3 


<1 


Urogenital 


Urinary tract infection 


5 


18 


14 


. 13 


7 



Other serious adverse events 

The following other serious adverse events ocxurred in at least one of the 958 patients treated with 
HERCEPTIN: 

Body as a Whole : cellulitis, anaphylactoid reaction, ascites, hydrocephalus, radiation injury, deafness, 
amblyopia 

Cardiovascular : vascular thrombosis, pericardial effusion, heart arrest, hypotension, syncope, 
hemorrhage, shock, arrhythmia 

Digestive : hepatic failure, gastroenteritis, hematemesis, ileus, intestinal obstruction, colitis, 
esophageal ulcer, stomatitis, pancreatitis, hepatitis 

Endocrine : hypothyroidism 

Hematological : pancytopenia, acute leukemia, coagulation disorder, lymphangitis 

Metabolic : hypercalcemia, hypomagnesemia, hyponatremia, hypoglycemia, growth retardation, 
weight loss 

Musculoskeletal : pathological fractures, bone necrosis, myopathy 
Nervous : convulsion, ataxia, confusion, manic reaction 
Respiratory : apnea, pneumothorax, asthma, hypoxia, laryngitis 
Skin : herpes zoster, skin ulceration 

Urogenital : hydronephrosis, kidney failure, cervical cancer, hematuria, hemorrhagic cystitis, 
pyelonephritis 

Return to Table of Contents 

OVERDOSAGE 

There is no experience with overdosage in human clinical trials. Single doses higher than 500 mg 
have not been tested. 
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Return to Table of Contents 
DOSAGE AND ADMINISTRATION 
Usual Dose 

The recommended initial loading dose is 4 mg/kg Trastuzumab administered as a 90- minute infusion. 
The recommended weekly maintenance dose is 2 mg/kg Trastuzumab and can be administered as a 
30-minute infusion if the initial loading dose was well tolerated. HERCEPTIN may be administered 
in an outpatient setting. HERCEPTIN is.to be diluted in saline for IV infusion. DO NOT 
ADMINISTER AS AN IV PUSH OR BOLUS (see ADMINISTRATIONS . 

Preparation for Administration 

The diluent provided has been formulated to maintain the stability and sterility of HERCEPTIN for 
up to 28 days. Other diluents have not been shown to contain effective preservatives for 
HERCEPTIN. Each vial of HERCEPTIN should be reconstituted with ONLY 20 mL of BWTI, USP. 
1.1% benzyl alcohol preserved, as supplied, to yield a multi-dose solution containing 21 mg/mL 
Trastuzumab. Use of all 30 mL of diluent results in a lower-than-intended dose of HERCEPTIN, THE 
REMAINDER (approximately 10 mL) OF THE DILUENT SHOULD BE DISCARDED. 
Immediately upon reconstitution with BWFI, the vial of HERCEPTIN must be labeled in the area 
marked "Do not use after:" with the future date that is 28 days from the date of reconstitution. 

If the patient has known hypersensitivity to benzyl alcohol, HERCEPTIN must be reconstituted with 
Sterile Water for Injection (see PRECAUTIONS) . HERCEPTIN WHICH HAS BEEN 
RECONSTITUTED WITH SWFI MUST BE USED IMMEDIATELY AND ANY UNUSED 
PORTION DISCARDED. USE OF OTHER RECONSTITUTION DILUENTS SHOULD BE 
AVOIDED. 

Shaking the reconstituted HERCEPTIN or causing excessive foaming during the addition of diluent 
may result in problems with dissolution and the amount of HERCEPTIN that can be withdrawn from 
the vial. 

Use appropriate aseptic technique when performing the following reconstiution steps: 

a. Using a sterile syringe, slowly inject 20 mL of the diluent into the vial containing the lyophilized 
cake of Trastuzumab. The stream of diluent should be directed into the lyophilized cake. 

b. Swirl the vial gently to aid reconstitution. Trastuzumab may be sensitive to shear-induced stress, 
e,g., agitation or rapid expulsion from a syringe. DO NOT SHAKE. 

c. Slight foaming of the product upon reconstitution is not unusual. Allow the vial to stand 
undisturbed for approximately 5 minutes. The solution should be essentially free of visible 
particulates, clear to slightly opalescent, and colorless to psde yellow. 

Determine the number in mg of Trastuzumab needed, based on a loading dose of 4 mg 
Trastuzumab/kg body weight or a maintenance dose of 2 mg Trastuzumab/kg body weight. Calculate 
the volume of 21 mg/mL Trastuzumab solution and withdraw this amoimt from the vial and add it to 
an infusion bag containing 250 mL of 0.9% Sodium Chloride Injection, USP. DEXTROSE (5%) 
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SOLUTION SHOULD NOT BE USED. Gently invert the bag to mix the solution. The reconstituted 
preparation results in a colorless to pale yellow transparent solution. Parenteral drug products should 
be inspected visually for particulates and discoloration prior to administration. 

No incompatibilities between HERCEPTIN and polyvinylchloride or polyethylene bags have been 
observed. 

Return to Table of Contents 
Administration 

Treatment may be administered in an outpatient setting by administration of a 4 mg/kg Trastuzumab 
loading dose by intravenous (IV) infusion over 90 minutes. DO NOT ADMINISTER AS AN IV 
PUSH OR BOLUS. Patients should be observed for fever and chills or other infusion-associated 
symptoms (see ADVERSE REACTIONS) . If prior infusions are well tolerated, subsequent weekly 
doses of 2 mg/kg Trastuzumab may be administered over 30 minutes. 

HERCEPTIN should not be mixed or diluted with other drugs. HERCEPTIN infusions should 
not be administered or mixed with Dextrose solutions. 

Stability and Storage 

Vials of HERCEPTIN are stable at 2-8**C (36-46°F) prior to reconstitution. Do not use beyond the 
expiration date stamped on the vial. A vial of HERCEPTIN reconstituted with BWFI, as supplied, is 
stable for 28 days after reconstitution when stored refrigerated at 2-8''C (36-46''F), and the solution is 
preserved for muhiple use. Discard any remaining multi-dose reconstituted solution after 28 days. If 
unpreserved SWFI (not supplied) is used, the reconstituted HERCEPTIN solution should be used 
immediately and any unused portion must be discarded. DO NOT FREEZE HERCEPTIN THAT 
HAS BEEN RECONSTITUTED. 

The solution of HERCEPTIN for infusion diluted in polyvinylchloride or polyethylene bags 
containing 0.9% Sodium Chloride Injection, USP, may be stored at 2-8'*C (36-46''F) for up to 24 
hours prior to use. Diluted HERCEPTIN has been shown to be stable for up to 24 hours at room 
temperature (2-25''C). However, since diluted HERCEPTIN contains no effective preservative, the 
reconstituted and diluted solution should be stored refrigerated (2-8®C). 

Return to Table of Contents 

HOW SUPPLIED 

HERCEPTIN is suppHed as a lyophilized, sterile powder nominally contaimng 440 mg Trastuzumab 
per vial under vacuum. 

Each carton contains one vial of 440 mg HERCEPTIN (Trastuzumab) and one 30 mL vial of 
Bacteriostatic Water for Injection, USP, 1.1% benzyl alcohol. NDC50242- 134-60. 

Return to Table of Contents 
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Contributed by Peter G. SchuKz, January 10« 2002 

High-throughput gene expression profiling has become an impor- 
tant tool for investigating transcriptional activity in a variety of 
biological samples. To date, the vast majority of these experiments 
have focused on specific biological processes and perturbations. 
Here, we have generated and analyzed gene expression from a set 
of samples spanning a broad range of biological conditions. Spe- 
cifically, we profiled gene expression from 91 human and mouse 
samples across a diverse array of tissues, organs, and cell lines. 
Because these samples predominantly come from the normal 
physiological state in the human and mouse, this dataset repre- 
sents a preliminary, but substantial, description of the normal 
mammalian transcriptome. We have used this dataset to illustrate 
methods of mining these data, and to reveal insights into molec* 
ular and physiological gene function, mechanisms of transcrip- 
ttonal regulation, disease etiology, and comparative genomics, 
finally, to allow the scientific community to use this resource, 
we have built a free and publicly accessible website (http:// 
expression.gnf.org) that integrates data visualization and curation 
of current gene annotatk>ns. 

The sequence of the first mammalian genome represents a 
landmark in modem biology and opens new avenues to 
pursue global approaches at understanding gene function and its 
relationship to human physiolc^y (1, 2). The raw genome 
sequence and the accompanying gene predictions provide a 
starting point for the understanding of their function, the 
complexity of their interactions, and their roles in promoting 
cellular and organtsmal phenotypes. The most common ap- 
proach to global gene annotation uses primary amino acid 
sequence analysis tools (e.g^ blast and hmmer) and sequence 
databases (e.g., GenBank and Pfam; refs. 3-6). These powerful 
tools are used to annotate genes of unknown function under the 
premise that proteins of similar structure usually have similar 
function (e.g., kinases contain kinase domains). 

Whereas primary sequence analysis frequently indicates the 
molecular function of a gene and can point to relevant biochem- 
ical assays for future study, it does not suggest the cellular or 
physiological role for proteins. To attempt to gain a more 
complete picture of a novel gene's funaion, researchers often 
perform multiple-tissue Northern blots to look at its expression 
in a panel of tissues or organs. However, this experiment can be 
laborious and time-consuming, and availability of a representa- 
tive number of tissue samples is an important factor for inter- 
pretation of the results. 

High-throughput gene expression analysis has allowed us to 
construct the equivalent of a multiple-tissue Northern blot for 
thousands of genes at once. We have constructed such a resource 
by profiling 46 human and 45 mouse tissues from diverse tissue 
origins. Whereas several recent studies have also described 
high-throughput gene expression measurements on diverse tis- 
sue sets (7-9), previous analyses of physiological gene function 
have been limited to identification of liousekeeping genes, and 
clustering of genes involved in metabolic pathways and devel- 
opment of the central nervous system. The analysb of the data 

vtAMW.pnas.org/cgi/do(/1 0. 1O73/pnas.O120251 99 



described in the current work has a significantly different and 
expanded scope. Here, we use mRNA expression patterns to 
speciHcaily augment gene annotation of genes with no known 
physiological fiinction. Furthermore, we extend this analysis to 
investigate mechanisms of transcriptional regulation, to discover 
candidate disease markers, and to compare transcriptional pro- 
files of gene orthologs in mouse and human. Finally, we have 
constructed a web resource that allows users to easily perform 
common queries on the data. Because these data are generated 
from a non-ratiometric and standardized genomic technology, 
expansion of this dataset in our continuing effort toward eluci* 
dating the transcriptome will easily allow inclusion of additional 
gene expression data from internal samples as well as those 
contributed by external collaborators. 

Materials and Methods 

Samples and Chip Hybridiiatlon. Forty-«x human tissue samples 
and cell lines were obtained from commerdal sources and 
previously published research collaborations, and forty-fn^e 
mouse tissue samples were derh^ed from dissections. Detailed 
sample descriptions can be obtained on the web site (http:// 
expression.gnf.org). These samples were labeled and hybridized 
to either human (U95A) or mouse (U74A) high-density oligo- 
nucleotide arrays (10, 11) as described (12). Primary image 
analysis of the arrays was performed by using GENECHIP 3.2 
(Affymetrix, Santa Qara, CA), and images were scaled to an 
average hybridization inten^ty (average difference) of 200. 

Identification of Tissue-Specific Cenes. For the human dataset, the 
set of 46 tissues, organs, and cell-lines was reduced to 25 
independent and nonredundant samples (see Table 1, which is 
published as supporting information on the PNAS web site, 
www.pnas.org). All 45 mouse samples were derived from dis- 
section and were already considered as having independent 
origins. Based on extensive PCR-validatton of oligonucleotide 
array data (data not shown) and the absence/presence call 
provided by the genechip software package, an average differ- 
ence (AD) value of 200 was defined as a conservative threshold 
to call a gene ^'expressed" or present. Additionally, an AD of 200 
has been estimated to represent ^3-5 copies per cell, and an 
expression ratio of 2-fold has previously been established as the 
approximate limit of sensitivity (10, 11). By using these guide- 
lines as filtering criteria, tissue-specific genes were conserve- • 
tively defined as having an AD value of greater than 200 in one 
tissue, and AD value of less than 100 in all other tissues. 



Abbreviations: AD« average difference; GPCR. 6 protdixoupled receptor. 
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Transaiptional Response Elements. The human dataset was filtered 
to select genes with e;(pression in the pituitary gland that was 
10-fold greater than median and greater than 3-fold above the 
median in no more than five other tissues. Thirty-four probe sets 
were identified that mapped to 23 unique Reference Sequence 
(Refseq) entries and four uncharacterized probe sets. To retrieve 
the promoter regions for these genes, the first 300 coding 
nucleotides were aligned to the human genome by using blast. 
Where significant hits (98% identity over at least 100 nucleo- 
tides) were identified, a 5-kb upstream sequence of the transia- 
tional start methionine was retrieved. Because the transcrip- 
tional start sites of few genes are known, and because response 
elements have also been identified in the first intron of many 
structural genes, our searches were limited to the regions 
immediately 5' of the translational start methionine. By using 
this method, promoter regions for 18 of the 23 pituitary-enriched 
genes were identified. Sequences were analyzed for conserved 
motifs by using augnace and scanace {George Church, Har- 
vard University (13)]. 

Prostate Cancer Profilinii. Twenty-four prostate tumors and nine 
benign prostate tissues were profiled as described (14). To 
identify genes overexpressed in prostate cancer, genes were 
ranked by calculating the sum of three independent rank tests: 
the rank of [average hybridization intensity in tumor tissue (T) - 
average hybridization intensity in normal tissue (N)] + the rank 
of [averagc(T)/average(iV)] + the rank (-/*), where P is the 
P-value calculated by an unpaired, one-tailed t test. These cancer 
overexpressed genes were further ranked according to their 
average levels of expression in the gene expression atlas, with 
lowly expressed genes scoring highest. 

Comparison of Mouse and Human Gene Expression. Putative or- 
thoiog pairs in mouse and human were identified by finding 
genes with common Locuslink symbols (http://www.ncbi. 
nlm.nih.gov/LocusLink). Genes that were not expressed (AD 
less than 200 in all tissues), and genes that were not differentially 
expressed (ratio of maximum expression to median expression in 
ail tissue less than 3) were removed from the analysis. Gene 
expression values of the remaining 799 putative orthologs pairs 
were compared by Pearson's correlation coefficient. 

Resiifts and Discussion 

RNA samples from 46 human and 45 mouse tissues, organs, and 
cell lines were hybridized to high-density gene expression arrays. 
To validate the data, we used PCR to amplify ORFs from cDNA 
libraries constructed from tissue sources where the database 
indicated the gene was expressed. Without any optimization of 
PCR conditions, this analysis resulted in the successful amplifi- 
cation of 82% of 1,824 targets from tissue libraries where 
expression was seen in the gene expression atlas (data not 
shown). One hundred PCR reactions were also performed in 
tissues where the gene expression atlas indicated no message was 
present, resulting in only one positive amplification (data not 
shown). 

Examining gene expression across a panel of tissues allows us 
to identify both ubiquitously expressed ''housekeeping genes," 
the focus of Warrington ct al, (7), as well as differentially 
expressed genes, which we hypothesize perform specific cellular 
and physiological functions. In our dataset, «*6.0% of the 
interrogated genes are ubiquitously expressed, approximately 
the same percentage as reported in Warrington et al. (7.5%). 
Furthermore, whereas any individual tissue expresses approxi- 
mately 30-40% of genes, almost all genes (90%) are expressed 
in at least one tissue examined. Statistical analysis (ANOVA) 
revealed that 78% and 82% of genes are differentially expressed 
in the motise and human, respectively (P < 0.001). Hierarchical 
clustering of these differentially expressed genes shows that 




Fig. 1 . Expression of ti$siie4pecf f ic genes. Genes with tlssue-^pedf Ic expres- 
sion ^yxemi were Identified for at! tissues in the human (4) and mouse (S) 
datasets. "Ttssue-spedftc" was defined as expressed with AD greater than 200 
in one tissue and less than 100 AD in all other tissues. Tissues were sorted by 
the number of tdssue^pedfic genes found. The five tissues in human and 
mouse with the most tissue-specific genes are labeled. Replicate samples from 
one tissue were averaged* and genes and tissues were dustered by using 
ausTfN and visualized by using treeview (2S). RedL up-regulated: green, down- 
regulated; black, median expressioa Tissue tatwis: a - testis; b » pancreasw c = 
liver, d » placenta, e s thymus^ f « mammary gland, g - thyroid, and h = 
salhrary gland). 

groups of tissue-specific genes are readily identified in nearly all 
tissues examined. The most striking examples of these differen- 
tially regulated genes are those genes whose expression is 
restricted to a single tissue (Fig. 1). For example, in this dataset 
there are 85 human genes restricted to the testis, including 
several that are known to be invohred in testis-fimction, such as 
SRY (sex determining region Y)-box 5 (S0X5), testicular tektin 
2 (TEICT2). and zona pellucida binding protein (ZPBP). In 
addition, 19 genes of unknown function were identified as 
testis-spedfic, including several whose cDNAs encode large 
proteins (15). Similar analysis for all tissues in both mouse and 
human (feitasets identified 311 human and 155 mouse tissue- 
restricted genes with known function, and 76 human and 101 
mouse genes whose fuiictions were previously uncharacterized 
(Fig. 1; see also Tables 1 and 2, which are published as supporting 
information on the PNAS web site). 

The integration of large-scale expression data with sequence 
homology-based annotation was used to obtain a more complete 
description of gene function. Sequence analysis of an uncharac- 
terized protein is commonly used to identify its molecular 
function (e.g., kinase, protease, and transcription factor). Knowl- 
edge of the tissue expression pattern of a gene can complement 
this annotation by suggesting a physiological function (e.g., 
homeostasis, development, and proliferation) reflecting the 
tissues or conditions in which it is expressed. These two methods 
of gene annotation were integrated by mapping the tissue 
expression pattern of the genes represented in the database to 
Pfam» a database of more than 3,000 protein families and 
domains (6). To illustrate the utility of this approach, we used the 
gene expression atlas to find differentially regulated members of 
two large and biomedically important protein families, the G 
protein-coupled receptor (GPCR) and kinase families. Fig. 2 
shows 312 differentially regulated members of the protein kinase 
family and 118 differentially regulated members of the GPCR 
family in the human dataset These families include many orphan 
receptors and kinases of unknown function. For example, orphan 
receptors GPR31 and GPR9 showed enriched expression in the 
pancreas, suggesting a role for these proteins in digestion or 
hormone secretion. Specific expression patterns of proteins can 
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flg.2. Differential expression of GPCRs and kinases. Warn was used to Identify GPCRs (pFOOOOl, PF00002, and PF00003) and Vinases (Pf 00069. PF00433, PF00454, 
and PF00625) from the genes interrogated In the gene expression atlas. Data were filtered to remove genes that were not expressed in the atlas (max AO < 200) 
and not differentially expressed (ANOVA P> COS), and the remaining genes were visualized as desaibed previously. The gene identities for these Pfam families, 
as well as for all Pfam families, can be viewed on the web site (http://expression.gnf.org). 



also be a criterion for selecting therapeutic targets, because the 
primary effect of modulating their function will likely be re- 
stricted to their target tissue. We also used the gene expression 
atlas to identify candidate protein-protein interaction and en- 
zyme-substrate pairs. For example, we used the gene expression 
atlas to find a testis-specific GPCR kinase, GPRK2L (16), and 
fifteen GPCRs that are detectably expressed in testis. We suggest 



that these GPCRs represent the most likely substrate candidates 
for GPRK2L. This approach may be generally useful for decod- 
ing physiologically relevant biochemical interactions. 

Together with the recent availability of the human genome 
sequence, coexpressed clusters of genes were used to investigate 
mechanisms of transcriptional regulation. To illustrate this ap- 
proach, we identified genes whose expression was enriched in the 



Suet a/. 



PNAS I April 2. 2002 | vol. 99 | no.7 | 4467 



BEST AVAILABLE COPY 






L. 




r- ~ 


_ . 






Consensus ajvaattagc 




Pit1/GH2 


AAHTTATCC 




Position A 


T 


G 


C 


1 91 


0 


9 


0 


2 10O 


0 


0 


0 


3 100 


0 


0 


0 


4 07 


0 


• 0 


3 


5 6 


94 


0 


0 


6 0 


91 


6 


3 


7 97 


0 


3 


0 


8 3 


13 


84 


0 


9 13 


0 


0 


88 



Fig. 3. Identification of pituitary-specific response elements. The gene expression atlas was used to identify pituitary^nrichcd genes (te/0. Genomic sequence 
up to 5 kb upstream of the translational start methionine was searched for consented motils. On the Right H a potential regulatory element identified in the 
upstream genomic sequence of the genes In this cluster. This element is similar to a previously described Wtl binding site from the growth hormone 2 structural 
gene. 



pituitary gland, a tissue where specific regulation has been 
previously characterized (17). TVenty-three unique genes were 
identified, including known growth factors and peptide hor- 
mones. Four transcription factors were included in this list, two 
of which, Pitl and Pitx2, were previously implicated in the 
regulation of pituitary-specific gene expression (17). Of these 23 
genes, we were able to retrieve 18 promoter regions from the 
human genome assembly. To identify potential regulatory ele- 
ments, we used an unbiased word-based methodology previously 
used in the study of prokaryotes, viruses, yeast, and Arabidopsis 
(13, 18, 19) to search the promoter regions of these genes for 
conserved motifs. This process identified a site highly similar to 
the Pitl recognition site from the growth hormone 1 promoter 
that is conserved in 14 of these 18 genes (Fig. 3; ref. 20), Some 
of these have been previously identified as targets of Pitl, 
including prolactin, thyroid-stimulating hormone, the glycopro- 
tein a subuntt, and Pitl itself. Several of these genes were 
unknown as potential targets of Pitl, demonstrating that the 
general approach of pairing tissue-specific response elements 
with tissue-restricted transcription factors is likely to yield 
novel insights into the mechanisms of complex transcriptional 
regulation. 

This gene expression atlas was also used to identify potential 
markers for human disease by comparing transcriptional profiles 
of pathological samples to the normal transcriptome. Genes with 
disease-restricted expression are highly desirable both as mark- 
ers and as pharmacologic targets, because selective expression 
imparts the specificity required for successful disease-specific 
targeUng approaches [e.g.. BCR-ABL and STI571 (21)). In this 
study, we identified genes specifically up-regulated in prostate 
cancer samples that were lowly expressed or absent in other 
tissues in the database. Proof-of-conccpt was provided by the 
identification of several known prostate- and prostate cancer- 
specific genes including prostate-specific membrane antigen 
(PSMA). human kallikrien 2 (hK2), and the recently described 
transmembrane serine protease 2 (TMPRSS2), which although 
expressed in other body tissues, is most notably expressed in die 



prostate (Fig. 4; ref. 22). We also discovered genes whose 
up-regulated expression in prostate carcinoma has not yet been 
previously described, including the human homologs of the 
Drosophila transcription factor single-minded, SIM2, and the 
lady bird late gene, LBXl. In addition, several genes with 
completely uncharacterized function were identified that are 
being pursued as potential novel cancer-specific genes. Interro- 
gation of gene expression profiles derived from cancer and other 
pathological conditions in the context of normal body tissues b 
likely to return a battery of genes important in understanding 
disease mechanism and diagnoses. Furthermore, those genes 
that fall into protein families amenable to pharmacologic per- 
turbation may provide entry points for the design of novel and 
specific therapeutics. 



Nom^ tissues 



Prostate 
Cancer 



Nomul 
Prostata 




Hs.93304 phosphol^se A2 

Hs.2731 1 single-minded Prosophila) homotog 2 

Hs.37128 transcription tector - O. melanogaster lady bird late 

Hs.98732 unknown 

Hs.162209 daudin8 

Hs.301947 Krdken-4iKe 

Hs.139336 ATP-blndiftg cassette 

HS.31B545 transmembrane protease, serine 2 

Fig. 4. Potential markers for prostate cancer were identified by comparing 
gene expression In normal tissues with normal and tumor prostate samples. 
Fifty candidate makers are visualized here^ and the top eight gene identities 
are shown. 
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Fig. 5. Comparison of gene expression for mouse/human ortholog pairs. Putative orthotog pairs between mouse and human genes were identified by 
LooisUnIc symbol <A) Gene expression patterns across 1 6 tissues for these 799 gene pairs were compared. The distribution of correlation coefficients is plotted. 
(0)The 427 gene pairs with correlation coefficients greater than 0.6 were sorted by tissue of maximum expression and visualized as described previously. (Q One 
hundred twenty-eight gene pairs have negative correlation in their gene expression pattern. The expression pattern for collagen XV Is shown here. Mouse 
collagen XV Is highly expressed in the uterus, whereas human collagen XV shows highest expression in the placenta. 



Having access to a substantial portion of the transcriptome 
from both human and mouse also offered an opportunity to 
study the comparative transcription between two mammalian 
species. The increasing importance and use of the mouse as a 
model organism for human physiology and disease has been 
bolstered by the extensive sequence homology between the two 



organisms (http://www.ncbi.nlm.nih.gov/HomoloGene). We 
would predict that true orthoiogs would have conserved patterns 
of mRNA expression reflecting the common physiological func- 
tion of a gene in mice and humans. Conversely, genes of 
divergent fonction may demonstrate protein sequence and 
mRNA expression divergence between the two species. A set of 
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putative orthologs was identified by searching for mouse and 
human genes with a common LocusUnk symbol » and further 
restricted for this analysis to genes that showed detectable and 
differential expression. The expression patterns of these 799 
putath^e ortholog pairs were compared across the 16 tissues in 
common between our mouse and human datasets. This analysis 
revealed that half of all mouse and human orthologs have 
correlation in their expression patterns of 0.6 or belter (Fig. SA). 
Visualization of these highly correlated transcripts revealed 
striking similarity in the patterns of gene expression between 
mice and human (Fig. SB). Conversely, there were also many 
examples of low and even negative correlation of expression 
between the two species. For example, the human extracellular 
matrix protein collagen XV is most highly expressed in placenta, 
whereas in mice the putative ortholog is most highly expressed 
in the uterus (Fig. 5C). Primary sequence comparisons of the 
mouse and human collagen XV genes revealed that the mouse 
harbors seven collagenous domains to nine for the human gene 
(23). In addition, although the conserved C-terminal endostatin 
domain predicts a role in angiogenesis, inactivation of the mouse 
structural gene by homologous recombination revealed a normal 
vasculature (24). Taken in sum, these data support the hypoth- 
esis that the physiological role of collagen XV is different 
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between the two species: Thus, expression analysis can supple- 
ment primary amino acid sequence homology in ascertaining 
whether a gene has conserved function between a model organ- 
ism and the organism it seeks to model. 

In conclusion, this significant fraction of the human and 
mouse transcriptome provides a powerful approach to analyze 
gene function. The extension of this database with additional 
samples and more comprehensive gene expression arrays will 
further increase its utility. We have also created a free and 
publicly accessible web site (http://expression.gnf.org) that al- 
lows researchers to query the mouse and human datasets based 
on gene name, keyword, protein family, or accession number. 
Users may also query the data by expression pattern to identify 
genes present in any tissue or combination of tissues represented 
in the database. It is our hope that this freely available public 
resource will enable researchers worldwide to exploit the emerg- 
ing transcriptome to further biomedical research. 
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Gene amplification and overexpression of HER2 
in renal cell carcinoma 
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elective To determine the frequency of HER2 genetic . 
abnormallUes In renal cell carcinoma (RCC) and 
hence Bssess the potential suitability of Herceptin™ 
immunotherapy. 

Patients and methods Tumours from 27 patients 
with RCC were assessed: all patients had undergone 
nephrectomy. Benign renal tissue from the nephrec- 
tomy specimens was studied In seven patients. Gene 
amplification was assessed using fluorescent in-situ 
hybridizaUon. and protein over-expression using 
immunohistochemistry. 

Results Twenty-four patients had clear cell renal 
carcinoma* two had papillary renal carcinoma and 
one a sarcomatoid variant carcinoma. There was no 



Introduction 

Patients with locally advanced or metastatic RCC have 
a poor prognosis: the 5-year survival for patients with 
stage IV disease is 10% [1], reflecting that RCC is 
largely resistant to conventional therapeutic regimens 
[2]. Immunotherapy using interleukin-2 and Interferon-a 
combined has shown response rates of up to 18.6% in 
patients with metastatic disease, but is associated with 
significant side-elfects [3). Negrier et al, [3] reported 
grade 3 and 4 adverse events like hypotension (resistant 
to vasopressor agents) and fever in 45% and 35% of 
patients, respectively. A better understanding of the 
molecular genetics of RCC may help in the develop- 
ment of new therapeutic agents, Aneusomy of chromo- 
some 17 has been reported in papillary RCC [4,5]. The 
H£R2/c-erbB2 gene is located on chromosome 17 and 
encodes a transmembrane type [.tyrosine kinase growth 
factor receptor with 50% homology with the EGFR 
[6^]. Over-expression of Hi;K2 has been reported In 
breast 19-11]. ovarian [9], lung [12] and salivary gland 
tumours [13], and is associated with a poorer prognosis. 
In a recent review examining the results of 47 studies 
involving >22 600 patients with breast cancer. HER2- 
positive status was an independent predictor of poor 
prognosis in multivariate analyrfs [14]. Herceptin™ 



Accepted for publication 2 September 2001 



HER2 amplification in the tumours or the benign 
renal Ussue. Polysemy 17 was detected in 11 of 27 
tumours (41%) and increased HER2 copy number 
in seven (26%). Both polysomy 17 and increased 
HER2 copy number were absent in the benign renal 
Ussue. Three tumours (11%) and six of the seven 
benign renal tissue samples over-expressed the 
HER2 proteui. 
Conclusions HER2 amplification is absent bnd protein 
over-expression uncommon In RCC. This casts doubt 
on the suitability of Herceptin"^ in the treatment 
of RCC. 

Keywords renal carcinoma. HER2. Herceptin"™, FISH, 
immmiohistochemistry 



(rhu-mAb-HER2. Trastuzumab. Genentech Inc., San 
Francisico. CA) is the humanized equivalent of the 
murine 4D5 mAb and is targeted against the HER2 
cell-surface receptor. Phase II and phase III clinical 
trials in patients with breast cancer over-expressing the 
HER2 oncogene showed response rates of 11-15% 
[15,16]. A recent study showed that 40% of RCCs 
over-express the HER2 protein and 17% show gene 
amplification [17,18]. However, other studies have not 
confirmed these findings, suggesting that the HER2 
expression and amplification rates are lower [19-21]. 
These differences may be partly explained by the differ- 
ent laboratory techniques used In the various studies. 
Determination of protein over-expression by immuno- 
histochemistry (IHC) is highly dependent on the anti- 
body selected and the methods used. Fluorescent 
f/i-situ hybridization (FISH) is the approved diagnosUc 
method for determining gene amplification, allowing 
in'Situ analysis of gene copy number. The Glasgow 
Royal Infirmary is one of three UK centres evaluating 
HER2 status in breast cancer diagnosis [22]. In the 
present study we evaluated the HER2 status of 27 RCCS 
and seven benign renal tissues using FISH and IHC. 

Patients and methods 

Tumours from patients with a pathological diagnosis 
of RCC and attending the Gartnavel General Hospital 
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between 1997 and 1999 were included in the study. 
All patients underwent nephrectomy and tumours were 
assigned TNM [23] and Robson stages (24) and grades 
[25]. Benign (normal) renal tissue was identified from the 
RCC nephrectomy specimens. WC was performed using 
the CBll mouse mAb and the Nexus II automated 
staining system (both from Ventana, UK). Formalin-fixed 
paralBn-embedded 5 ^m sections and positive/negative 
controls were used In each run. Antigens were retrieved 
in a pressure cooker for 12 min (1 L distilled water and 
1.8 mmo! of EDTA at pH8 in an 850-W microwave 
oven), followed by a 20-min cooling period. Endog- 
enous biotln was blocked by applying avidin for 1 5 min 
and then biolin for 15 min (SP-2001, Vector Labora- 
tories, Burllnghame. USA). The slides were transferred to 
the Nexus II and the basic dlaminoben2idine detection 
'kit (Ventana) applied; 100 jiL of CBll was added 
manually to each slide as appropriate and incubated in 
the Nexus II for 32 min. The result was scored by 
two independent observers. Routine sections stained 
with haematoxylin and eosin were examined to identify 
areas of tumour or benign renal tissue, and correspond- 
ing areas marked on the IHC sections. IHC was scored 
according to both the intensi^ and number of cells 
stained. No staining or membrane staining in < 10% of 
cells was scored as 0; wealc staining of the membrane in 
> 10% of cells was scored as 1 + moderate membrane 
staining in > 10% of ceils was scored as 2 + . and strong 
membrane staining in > 10% of cells as 3 + . Cytoplasmic 
stained was excluded. A score of 2 + or 3 + was regarded 
as 'po^tive' and a score of 0 or 1 -i- as 'negative' [26]. 

FISH was performed as previously described [27,28]; 
briefly, slides were pretreated with 0.2 mol/L HCi. 8% 
sodium thiosulphate at SO^'C and 0.5% pepsim at 
37*C Sections were post-fixed in 10% neutral buffered 
formalin. The extent of digestion was estimated by 
applying 0.5jig/mL 4.6-diamidoino-2 phenyUndole-2 
hydrochloride in Vectashield (Vectorlabs. Peterborough. 
UK) antifade mounting medium. Sections were viewed 
at x400 using a microscope. The target DNA was 
denatured with 100 ^ of 70% formamide in 2 x saline/ 
citrate buffer, 10 ^ of the probe applied and the slides 
incubated overnight In an Onmislide at 37X (Hybaid 
UK). Chromosome 17 and HER-2 copy number was 
evaluated using a direct dual-labelled technique, with 
the Palhvysion™ HER-2 DNA probe kit (Vysis, UK). 
This incorporated a Spectrum Green-labelled a-satellite 
probe for cliromosome 17 and a Spectrum Orange- 
labelled HER2 probe. Again, serial sections stahied with 
haematoxylin and eosin were first examined micro- 
scopicaUy to locate tumour areas and benign renal tissue. 
nSH-stained sections were then scanned at >c400 to 
locate these regions. Three areas were Identified and 20 
nudel assessed per area by two independent observers 



with x40 or x 100 objectives. Signals per nucleus 
for chromosome 17 (green) and HER2 (orange) were 
counted and the results recorded manually: in all. 
60 nuclei were assessed. Gene amplification was defined 
as a HER2/chromosome 17 ratio of >2. Based on values 
from controls tissues in our laboratory, the normal 
values for chromosome 1 7 were 1.35-1.85 (1.61 ±3 so) 
and for HER2 were 1.51-1.99 (1.75 ±3 so). Values 
of >3sD over the mean were defined as polysomic 
(for chromosome 17) or showing increased HER2 copy 
number. 

Results 

Twenty-seven tumours were assessed from 19 men 
and eight women; 24 tumours were of the clear cell type, 
two were papillary and one was of a spindle-cell variant. 
The clinical details of the 27 patients are summarized 
in Table 1. based on the TNM classification and more 
generally by the Robson classification (Table 2). 



Table 1 Suimnary of the clinical details, FISH and IHC results of 
the 27 patients tviib RCC 



Copy number 



Case/Sex 


Grade TNM 


Chrom 17 


mR2 


IHC 


I/M 


2 T3N0M0 


1.51 


1.68 


0 


2/F 


2 T2N0M0 


1.78 


1.71 


0 




4 T3N2M0 


1.59 


1.55 


0 


4/M 


2 TINOMO 


1.85 


1.69 


0 


SfM" 


3 T3N0M0 


2.66 


2.88 


0 


6/F 


3 TINOMO 


1:73 


1.69 


0 


7/F 


3 T2N0M0 


2.5 


2.88 


0 


8/F 


4 TINOMO 


1.2 


1.21 


0 


9/F 


3 T3N0M0 


1.73 


1,74 


2 


lO/M 


2 T3N0M0 


1.87 


1.79 


0 


11/M 


2 T2N0M0 


1.19 


1.18 


0 


12/M 


3 TINOMO 


2.8 


3.02 


0 


13/F 


1 T3NOM0 


1.71 . 


1.63 


0 


14/M 


.3 T3NXM0 


2.41 


2.48 


0 


15/M 


3 T3N1M0 


1.9 


1.78 


0 


I6/M 


3 TINOMO 


1.75 


1.78 


0 


17/M 


3 t2NXM0 


1.58 


1.69. 


0 


18/Mt 


4 T4N0M0 


2.03 


1.65 


0 


19/M 


3 T2N0M0 


1.7 


1.65 


0 


20/M 


4 T3N0M0 


2.16 


2.2 


0 


21/M 


2 T2N0M0 


2.53 


2.92 


2 


22A1 


3 TINOMO 


1.74 


1.87 


2 


23/M 


2 TINXMO 


1.73 


1.84 


0 


24fM 


2 T3N0M0 


2.32 


2.37 


0 


25/M 


3 T3N0MO 


1.88 


1.85 


0 


26/F 


3 T2NXM0 


1.83 


1.71 


1 


27/F 


3 T2NXM0 


1.75 


1.78 


0 



•Represents the two paptUaty tumours and tthc spindle cell 
carcinoma. 
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Tabic 2 The distribution or stage and tumour type In the tumoun; 
in the study, and the distribution or the RCCs with polysomy 1 7 
and increased HER-2 copy number: both these genetic events were 
more frequent in more advanced stages 



Tumour type 


Stage 


















or result 


1 


II 


m 


fV 


iV 


Dear cell 


6 


6 


7 


5 


24 


Papillary 


0 


0 


1 


1 


2 


Spindle cell variant 


0 


0 


0 


1 


1 


Total 


6 


6 




7 


27 


ResulU 












Poiysomy 17 


0 


3 


4 


4 




Increased HER2 


0 


2 


2 


3 




copy Qumber 












IHC(2+ or3 + ) 


2 


1 


0 


0 





AO FISH hybridizations were successful: there was do 
gene amplification in any of the tumours or the benign 
renal tissue. The median (range) HER2 /chromosome 17 
number was 0.99 (0.8-1.17) for the tumours and 
0.99 (0.93-1.15) for benign tissue. The median 
chromosome 17 copy number for the tumours was 
1.78 (1.19-2.8) and 11 (41%) were polysomic for 
chromosome 17. The median chromosome 17 copy 
number for benign renal tissue was 1.59 (1.5-1.79) 
and hence none was polysomic for cliromosome 17. 
The median HER2 copy number for the tumours was 
1.76 (1.18-3.02) and hence seven (26%) had increased 
EIER2 copy number (all seven were also polysomic for 
chromosome 17). The median HER2 copy number for 
benign renal tissue was 1.68 (1.4-1.8) and hence none 
had increased HER2 copy number. 

All the IHC was completed successfully; three tumours 
(11%) over-expressed the HER2 protein (2+): all other 
tumours were negative. Six of the seven benign renal 
tissues over-expressed the HER2 protein (3 +): all these 
positive samples had a particular distribution of positively 
staining cells, confined to the distal n^hron (Fig. la.b). 

Discussion 

Patients with metastatic RCC have a 5-year survival 
of only 10% and RCC is resistant to convenUonal 
chemotherapeutic agents [1.2]. The study of the 
molecular genetics of RCC may help to develop new 
therapeutic agents. Alterations of genes that function 
as regulators of cell growth and differentiation are 
consideired to be crucial in the progression of human 
cancers [29]. Numerous genetic aberrations have been 
documented in RCC and many are associated with a 
poor clinical outcome [30J. For example, the EGFR (on 
chromosome 7) is over-expressed in 80% and there is 




Fig. 1. Positively staining: a, RCC tissue, scored as a *2+* and 
b. benign reoal tissue: note the particular distribution of 
positively staining cells confined to Ihe distal nephron in Ihe 
latter. Both xl60. 



polysomy of chromosome 7 in 75% of RCCs. predicting a 
poor prognosis [31,32]. Polysomy 7 is linked to poly- 
somy 17 in RCC [4.5] and the HER2 oncogene is on 
chromosome 17. Over-expression/gene amplification of 
HER2 has been reported for many human tumours 
and represents a poor prognostic factor in several 
[9,11-13]. HEK2 gene amplification and protein over- 
expression are thought to be important in oncogenic 
transfonnation. tumorigenesis and metastasis [33]. For 
example, in breast cancer, patients whose tumours have 
gene amplification/protein over-expression (15-30% of 
all patients) have a poorer prognosis. These patients 
respond to clinical treatment with the mAb Herceptin. 
which is targeted against the HER2 cell surface receptor 
[15.16]. Herceptin has cytostatic growth Inhibitory 
effects against breast cancer cells, and induces antibody- 
dependent cellular cytotoxicity against human tumour 
cell lines, contributhig to iU antitumour activity [33]. 

There Is a wide variation in the reported results for 
HER2 assessment in RCC. partly because of the differing 
laboratory techniques applied in the various studies. 
Rotter €t al. [18] used slot-blot analysis and found no 
gene amplification in any of 24 tumours. Similarly 
Weldner et al, [19] (six tumours). Freeman et al [20] 
(1 3 tumours) and Stuum et al [21] (34 tumours) showed 
no gene amplification by Southern blot analysis In RCCs. 
Classical techniques for detecting gene amplification, 
like Southern blotting, need a large quantity of DMA and 
all have the problem of varying tumour content within 
a given specimen, which renders the results unreliable 
if the percentage of tumours ceils is low in a sample 
[10]. More recently Zhang et al [17] (70 tumours) 
used differential PGR and reported that 17% of 
tumours showed gene amplification for 1IER2 in addition 
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to a significant association ivitli tumour stage. The 
conclusion was that HER2 abnormalities may be 
involved in the pathogenesis or RCC. DifTerential PCR 
must be rigorously controlled if it is to be used success- 
fully to quantify mRNA or gene copy number (34J. 
Furthermore, the use of tissue homogenates, as used for 
southern analyses (see above), may further compromise 
the sensitivity of this technique. FISH is the preferred 
technique for visualizing HER2 In breast cancer diag* 
nostics. because it assesses DMA in Individual cells using 
a specific fluorescently labelled probe. Hence there is no 
need to microdissect tumour cells or to isolate nucleic 
acids before labelling, as with Southern blotting, and 
indeed FISH has been shown to be superior to other 
techniques in detecting HER2 amplification on formalin- 
fixed, para£5n-embedded material [10]. Comparing the 
results of studies estimating protein over-expression 
of HER2 is dilHcult because all have used dilTerent 
antibodies and scoring criteria. However. Stuum et al. 
[21] and Zhang et al [17] reported that 64% and 40% of 
RCCs over-expressed the HER2 protein using IHC, and 
that HER2 was important in the progression of RCC. In 
contrast. Rotter et al. [18] reported that HER2 protein 
over-espression was uncommon in RCC and that HER2 
was not important in the progression of RCC. Consistent 
with this conclusion, others [19,20] reported that mRNA 
levels were lower in RCCs than in normal tissue. Hence 
the exact role of HER2 in the pathogene^s of RCC 
remains unclear. 

In the present study of 27 RCCs and. seven benign 
renal tissues examined for HER2 abnormalities using 
FISH and IHC, there was no gene amplification in any of 
the tissues. However, poiysomy 1 7 occurred in 41% and 
increased HER2 copy number in 26% of the tumours. 
Furthermore, poiysomy 17 and increased HER2 copy 
number were more frequent in stage in and stage IV 
cancers (Table 2). Both poiysomy 17 and increased 
HER2 copy number were absent in the benign renal 
tissue. 

Protein was over-expressed in 11% of the tumours at 
2 + and in six of seven of the benign renal tissues at 
3+. Hence protein was strongly over-expressed (3 + ) 
only in the benign renal tissue, confined to the distal 
parts of the nephron. There was no staining in the 
proximal tubules, which are the cells thought to give rise 
to RCC Tbus is consistent with results reported previ- 
ously [19.20.35], suggesting that under-expression of 
HER2 mRNA is characteristic of RCCs. Consistent with 
this. Rotter et al, [18] suggested that reduced HER2 
protein and gene expression were inversely related to 
tumour differentiation, with less well diflerentiated 
tumour ceUs having lower HER2 expression. Current 
evidence suggests that in breast cancer only patients 
with tumours that are 3+ on IHC or 2+ with gene 



amplification, as shown by FISH, respond to Herceptin 
immunotherapy [36]. Implying that the advanced 
RCCs in the current study may be unresponsive to 
Herceptin. 

The present results suggest that gene amplification 
and strong protein over-expression of HER2 is absent 
in RCC. This casts doubt on the suitability of Herceptin 
immunotherapy in the management of RCC. 
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Abstract 

Th*re U a Tor n«w. sdecdve i»nUc<«c.r >e««s 
,toldarer«ti,t. bet«e«n n«lip.anl nonw^t^^t 
The b«.rf.« .r «ch .cen.. wouUl inCuae .Ju.hor 

f^dcrma. growth CCor rccpU. (EGFR, 1. hl«hV 
„„r««d in a variety «t tumors, and .Is expression cor- 
Ja... with poor r^pons. to 

si,fl.«.dpoor$«r»5v«l-E»Jd««ror.rrfe for the EGFR 
in the inhibiUon «nd pMho«ene*b of various caP««« t^ 
Ud ,0 the rational de«ea «<• -e-^'P""" « 

"enatin/path-ay U, c:«cer ceUs "^^^^ 
!«m»«d cell prolifera tion. «neiott««te»"^ mecaitastt. 

iNTROOVCnON 

Over the past few decades. Iheie has been considerable 
inieitst in developing new agents to impnjvc the ootcome 
for patients w.ih solid tumo«. However, itaditional cyto- 
u,xic therapies an: nonspecific and do not discrimina.c 



aad decreaSHl apopUxsls. Preclinical d.U show that an^- 
EGFR therapies can Inhibit thc*e efTects In v.tro .nd m 
^vo. to addldon. preclinical dat, conOrm 'i^^^-^y^^ 
aC«,ts h.vc the potenOal to inarose the ^^^^^l 
current cytotoric ac««*. Fol.owi«e ^'-^ 
devtlopmou prx.en.m5. ph-« lU .rials are now u„dc 
vTyrcr anucbcrof EGFR-targe,^ .herap.cs lndud.ne 

.rher«oclonal«.UbodyIMC^«-n-;'-'^2;^^^^ 
,i„. k«.»e inhibitor, 201839 Ortssa^') and OSI-774^ 
?L. .be rational, tor EGFR-U.,:e.ed •'•""'^JfJ 
««mc«t is apparent and now weO establUhed 
and there is increasine evidence that they ma, represent 
signincani contribution to cancer therapy, 



between tumor and host cellslll.Fanhcf.3S they are geacf- 
ally effective againsi f apidly dividing neoplasms [2]. if.cu 
efficacy ag^nst solid tumo« is limited. Even where cyto- 
toxic agenU are effective, tumor Ksistanee may deveU>p (31 

..The lack of specincity aw limited efficacy of trad.tioaal 
rt«O«eob,ist2002:1fsuppU);2-8 www.ThcOncologist.cotn 
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cytotoxic agents ha. led to the rariooal design and develop- 
nicnt of taiBClcd thcnpics aim to difTcrentiau betu^etn" 
„,ar.gnant and nonmalign^nt cells, thereby producmg a 
higher thcnpcutic indcJC and less toxicity thaa conventional 
therapies 11 1. In orfer to develop such agents, it is nccessfliy 
10 identify theabcnant biochemical and molecular pathways 
that ducioguish malignant cells from nomnaUgnani cells (21. 
AS with nonmalignant cclU. tumor growth wid progTx:sxion 
depend largely on the activity of cell membrane receptors 
that cont/ol the inuacdlulax signaJ tmsduclion pathways 
regulating cell proliferation and apoptosis, angiogencsii:. 
adhesion, and motility (21. 

One such cell membrane receptor is the epidemial growth 
factor i^aptor (EGFR). which has been shown to pUy an 
important tole in *e giowdi and survival of tnany JoUd 
lumon. Pathways invoNcd in HGFR signal iransdacdon have 
been projwscd as possible anticancxr taxgeis, and agents to 
specifically target the EGFR have been developed (4^1. 

EGFR AND SiCNAUNC Pathways 

The EGFR belongs to the crbB family of four closely 
related cell membrane receptors: EGFR (HERl or erbBl). 
crt>B2 (HER2). crbB3 CHER3). wd erbB4 (HER4). These 
receptors arc tran.<mcmbranc glycoproteins thai conrlit of 
an extracellular ligand-bincing domain, a transmembrane 
domain, and an intracellular domain with tyrosine kinase 
activiiy for signal tnnsducuon (Fig. 1). Acrivalion of the 
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EGFR occur, when e Ijgand.such o.^ epidermal gro^rj, factor 
CEGF), transforming gmwth factor-a (TGF-a). or amphireg- 
uUn bind^ 10 Its exaacellular domain. Ibis causes ihe reccjh 
cor to dimcriie with eiiher another EGFR monomer or with 
another member of the erbB family [7]. Following receptor 
dimcriration. activauoa of the inoinsic protein tyrosine 
kinase acuvity and tyrosine autophosphorylation occur. 
Thcfie events lead to the rccniicmcnt and phosphorylation of 
several intracellular substrates, leading to niitogcmc siguaiing 
and other cellular activiucs (8. 9). Rcce?tor3 thai lack kinase 
funciion.bccausc of mutauons ai the ATP bJoding site, do not 
display a full range of biochemical responses following lig- 
and binding [lOl; this demonstrates thai receptor tyrosine 
kinase activity is required in cellular signaling. A major sig- 
naling route of the erbB family appears to be the ror-rfl/ mito- 
gcn-aciivaicd piDlcin kinase pathway (8]. Another important 
pathway in crbB receptor signaling is the one constituicd by 
Irfiosphatidylinositol 3-kinasc and the downstream protcm 
kinase Akt III, 12). Af^er its activation. Akt msduccs sig- 
naU that regulate multiple biological processes including 
apoptosis. gene expression, and cellular proliferation (13). 
Ml is likely to send survival (antiapoptolic) signals by phos- 
piioryUting multiple targets, including the Bcl-2 family mem- 
ber BAD (a proapopfotic factor) (K] and the cell-death 
pathway enzyme caspasc-9 (15J. Akt also plays a prominent 
lole in regulwion of cell cycle progression {13]. Thus. EGFR 
signaling can lead to a variety of downstream reactions . which 
aie subject to complex regulatory mechanisms (16]. 

EGFR AND Cancer 

EGFR signaluig impacts on many aspects of tumor 
biology. Acu'vauon of the EGFR has been shown to 
enhance processes responsible for tumbr growth and pro- 
gression, including the promotion of proliferation, angio- 
genesis, and invasion/meiasiBsis. and inhibition of 
apoptosis (Rg. 1) [4. 17. 18]. The expression of EGFR in 
tumors has been corrtUtcd with disease progression, poor 
survival, poor response to ihcrupy (19]. and the develop- 
mem of resisuncc to cytotoxic agents (20. 21 ]. High levels 
of EGFR have been observed in a variety of tumors, includ- 
ing prostate, breast, gx^tnc. colorectal, and ovarian (4. 17, 
22J. However, mechanisms other than EGFR expression 
affect EGFR signaling (reviewed by Aruaga pp. 31-37 
[231). For example, mutations in the EGFR arc observed in 
some tumors; the most common mutant is EGFR vlU. which 
lacks an external ligand-bindiog domain and has a consiinj. 
lively activated, but anenoated. tyrosine Wna« [HI. 
EGFRvIU is commonly o^ercxpresscd as a jtjuU of gene 
ampUficaiion and has been idenuficd in brain, lung, breast, 
prostate, and stomach cancers (6] but has not yet been 
found in nunmalignani cells. 
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CliRAENT EGFR-TARCETO) STRATWIES 

The clear potcniiai for EGFR-taigcted thenpics in the 
ifcatmcQt of cancer haj prompted thcdcvelopmcntof a vari- 
ety of agents targeted to ihc extracellular ligaud-binduig 
domain, ihc iniraccUulw tyrosine kinase domain, the Usand, 
or to synthem of the ECFR (Fig- 2). Tl^ese zgMs are being 
investigated as monotherapy as well as m cocnbination with 
CDRvcnltbt^al therapies. 

. A number of monodooal antibodies (mAbs) dirtcttd 
against the cxtiaccllulir Hgand-binding domain, whidi prevent 
ligand binding (eg.. IMC<:225 and ABX ECF) . have beta 
developed. Another approach b provided by bispccific anti- 
bodies (eg.. MDX447) that laxgei the cxTOollular Ugaod- 
binding domain of Ac EGFR « well as epitopes on the 
surface of immune effecior cells, wh as macrophagc-aai- 
vaicd killer cclb-Tlie aim is to encourage immune effector 
cell recruitment at the site of tumof3. and hence, ,initiat<: 
destruction of the tumor cclh and then stimuladon of addi- 
tional immune responses. Single-chain fragment variable 
(scFv) aniibodici against the EGFR conjugated to toxins, 
such as pscudomonas endotoxin A (ETA), as well as to fun- 
gal and plant-dcrivcd toxins, have also been investigated 
(2^1. One of the most potent conjugates is the scFv-Mel- 
ETA-fusion toxin, which binds lo EGFR and EGFRvIU 
with equal afTmity but has 100-fold enhanced cytotoxicity 
against wmors expressing EGFRvIfl compared with those 
expressing EGFR 125,261. 

Another approach hns been to target the intncdlular tyro- 
sine kinase domain of the EGFR using smaJl-molccult EGFR 
lyiosinc kinajc mhibitors (EGFR-TOs), such as ZDiS39 
Oz&vT) and OSI-774. These mhibit ATP binding to inc l>To- 
sine kinase domain of the receptor, thereby inhibiting tyrosine 



kinase activity and autophosphufylaiion, and sobscx^acnily. 
blocking signal iransdociion from the ECFR. 

Additional lacocs used to target EOFR signaling have 
been diftctcd against its ligands, such as the recombinant ECF 
vaccine. EGF-?64k. which consisu of lecombinani humzn 
EGF conjugated lo a highly immunogenic rccotnbinani 
bacterial protein PWk 127). Therapies that taigci boJh lig- 
and and EGFR production arc aUo being invesrigatcd using 
anwensc oligonuclcoddes 10 block the tramlaticn of lh.s 
TGF-a and EGPR genes into their respective pro'xinj. 

Of these EGFR-targetcd agents, the raAb IMC-C225 
aad the EGFR-TXIs ZDl B39 and OSN774 m the furthest 
developed (Table I). Preclinical data from these agents sup* 
port the rationale for the use of EGFR-largeicd agents in 
cancer therapy, and dieir potential is being cvaluavcd in 
clinical trials. 

ECFR-TARCETltD AGENTS IN CaNCER: 

PRECLiNiCAt Validation 

Both in vitro and in vivo studies have dcmonstfaied that 
EOFR iargcted agents inhibit the processes involved in 
tumor growth and piogicssion, including proliferation, 
apoptasis. metastasis, and angiogenesis. To illustrate the 
ntlonilc for targeting the EGFR. two agents that opeiatc 
.using different mechanisms are (le5c.ribcd below: the mAb 
IMC-a25 and the EGFR-TKI ZDI839. 



Table I. EGPR-incto<* vr^^epa vd their devdepitwrj sttgtt 
Ovs of conpooad 
«Abs 



! Bispccific utibodies 
EGRt-TKh 
Quinazoliaes 



Pycidopyrimidiflci 

iyrolop)fiimd»«t$ 
Other compounds 

Rccon^inant vicdac 
AftlitenieoUgonucIcotido 



Nanc 


0«>vlup:nenl St^e* 




phue in 


ABXEGF 


phue (I 


E.v.D.720fiO 




UcnClMh-R) 


phue 11 
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The anU-EG!=R mAb lMGa25 (ccixjximab) h« been 
shoum to inhibit cdl gpwA and iurvival in vitro and in vivo- 
1281. !i causes an increase in tfic expression of ihc eel! cycle 
inhibitor p27'^'", ittuldng in the fbrmarion of inhibitoiy 
p27«"-cydin-dcpendcm ldnue-2 complexes lhal prevent cells 
fromwitingthcG, phase ofthecdlcyck [29). IMC.C225 has 
also been shoNvn to induce apopcosU in iomc cell lines [30) 
a/id 10 inhibii the production of angiogenic factors, io vitro 
and in vivo [3 1 1 . as well as metasuuis (32]. 

Daa from in vitro snidies have revealed that, in addlnon 
10 reducing cell proliferation, the EGFR-TKl ZD1839 
induces cell cycle anesi. increases apopiosis, and has and- 
angiogenic activity (3, 33). In addition. 2DI839 has-been 
shown to have antiinetasiatic propcnics in human hcaiJ and 
neck and breast cancer celU (34). ZD1839 inhibited cancer 
cdl migf^ition and invasivene!;s by blocking p21-ocUv9tccl 
kinase I . which is viul for directional moiiliQ^ and ccU sur- 
vival In vivo studies have conrirtned hs ability lo inhibii 
mmor giowih in a variety of rumor types including prostate, 
breast, ovarian, colon, small-cell lung, and noD-small cell 
lung cancer (NSCLC) (33, 35. 36). However, the level of 
expression of the EGFR in xenografts docs not see/n to 
influence the effect of 2D1839, indiciLiing that the level of 
cxpicssion of the EGFR is not the only faaor to influence 
EGFR signaling (37J. 

Picdinica) studies have also dcmonstnled that EGFR- 
targeted agents have potential for use in combination, with 
cytotoxic chemotherapy and with radiotherapy. IMC-C225 
has been shown to enhance the effects of cytotoxic agecK 
(38-40) and radiotherapy (41 , 42]; for example, IMC-C225 
in combination with topotccan increased survival of nude 
mice bearing human col on cancer xcnognfis (39). ZD1839 
potcnuatcd the growth-inhibitory effects of cytotoxic 
agents [35. 36, 43. 44), and preliminary data indicate addi- 
tive or synergisiie cffccu in combination with ionizing 
radiation (43). 

EGFR-Targeteo agents in Cancer: Clwcal 
Vaupation 

The use of mAbs against the crbB family of receptors 
has been valKiauid with trastuaumab. a humanized mAb 
niscd against the extracellular domain of crbB2, which 
gained US. Food and Dwg Administration (FDA) approval 
in September 1998 for the treatment of metasutjc breast 
cancer. Trasiuiumab is generally well tolerated, although 
serious cardiac side effects may occur in some patients 
(45 J. especially those aged over 60 years or those receiving 
coDComitam doxorubicin/ cyclophosphaoudc. The car- 
diotoxicity of trastunjmab is currently not well understood 
and is under intense scrutiny: it may be related to cardiac 
expression of crbB2 (46). 



The most advanced anti-EGFR mAb in clinical dcvcN 
opmcnt is lMC-a2S. The recently reported preliminaiy 
results of the foUowiog trials have been promising: a 
phase ni trial of IMC-a25 in combination with cispUtin in 
patients with tneta^tauc or rccuneni head and neck cancer 
[47); a phase II trial of lMGa25 monothcnpy m coloreo- 
tal cancer {48]: and phase l/ll trials of combination therapy 
with cisplatin (49) or cisphUn/carboplaiin (SO) in squa- 
mous-ccll carcinoma of the head and neck and with irinolc- 
c8a/5-AuorouraciI/lcucovorin in colorectal canca (51 ). The 
most common adverse event related to IMC-C225 was 
acneiform r^h. 

Although the chimeric antibody IMC-C225. formed by 
replacing the constant region of the originel mouse mAb 
with the constant region of a human immunoglobulm. 
grettly reduces immunogenicity compared with the original 
mouse mAb. anaphylactic reactions and loss of efficacy 
have been seen after repeated exposure, due to the forma- 
tion of human-antimousc antibodies (46). A humanized 
version of lMC-a25, EMD.72000, has, therefore, been 
developed and. followiag promising efficacy as a single 
agent in phase I trials, is under evaluation in phase II trials 
in paiients with ovarian and head and occk cancers [52). 

The potential of therapies targeting tyrosine kinases 
has been dcmowiraied with imatinib. an inhibitor of tyro- 
.sir.c kinases associated with Bcr-Abl and c-kit and the 
pUtelci-dcri>xd growth factor receptor tyrosine kinase. 
Imatinib was launched in the U.S. in May 2001 for the 
treatment of patients with chronic myeloid leukemia. 
In February 2002. imaimib gained FDA approval for use 
in patients widi inoperable and/or metastatic malignant 
gastrointestinal stroma) tumors. 

CUflical trials have shown that ZD 1839 is active in 
solid tumors, with the most common side effects being 
itild. reversible rash and dianiura (revUwed by Herbst [53J. 
l^ataU (54). and Ranson [55] in this issue). ZD1839 is cur- 
•endy undergoing phase III evaluation in combination with 
other cytotoxic agents in NSCLC, having demonsiraicd 
clinically meaningful activity in phase II trials in patients 
with head and neck cancer [56] and NSCLC [57. 53). 
reviewed by Herbst in this issue (53). In addition to the 
expected antiproliferative effect of EGFR-TK(s. resulting 
in disease slabiliiaUon, partial responses were observed in 
some patienu. Phase I trials have also shown that the com- 
bination of ZDI839 with other cytotoxic agents is feasible 
[59. 60], rtrvicwcd by Ranson in this issue (55). 

Early trials suggest that OSl-774 monotherapy has 
some activity in MSCLC, head and neck cancer, and ovar- 
ian carcinoma (61-63): combination studies are also undtr 
way (64. 65). Preliminary phase I studies of OSI-T74 in 
combination with standard chemolhcfapcutic agcnu. such 
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as docetflxcl, gemciiabinc plus cispUtirt. and caAoplatin 
pluj p3c!itaxcl have shown no major intcracdom among- 
OSl-774 and ihcsc drvgs [64. 66), A pbasc III study of OSI- 
774 wiih gcrnciubint plus cispUdii. using ihc drug itgimcn 
dcitrmincd in phase I trials, is currcndy ongoiog in Europe 
m paiicms with NSCLC (66), and a rimilar study with car- 
boplMin and laxcl is under way in the U5. 

COKCLUSIOS 

As the EGFK is highly expressed in a variety* of solid 
lumon and is associated with poor response to treatment, 
disease progiesiion. and poor survival.EGFR inhibition is 
a. logical anlicancc/ stntegy. Many potential points of 
intcfvcnuon on the receptor have been identified, and 
mcchiniinis include inhibition of ligand binding and inifa- 
cellular jignaJing. Preclinical rcsylts from a muldludc of 
novel anii-EGFR agents have shown that many of the 
approaches to inhibit EGFR signaling are feasible ond that 



ijihibition of the EGFR causes cancer cell prolifentioo. 
angiogencsis, and metastasis to decrease, and apoptosis to 
uicrcasc. Many of thc intrecellulaf pathway:^ involved with 
these anticancer effects are being probed; ibis undersund- 
ing has led to the development of many agents, potentially 
benefiting patients with a variety of tumors. Tht clinically 
furthest developed: IMC-C:225. ZD! 839, and 051-774 arc 
currendy undergoing phase III evaluation. In addition to 
efficacy as raonoihcrapv. ihcsc agents successfully 
enhance Ihc activity of conventional cytoiouc agents and 
may provide alternative treatment regimens to paticnis 
with solid tumors. 
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Summaiy Background C225 is an antibody to the cpidermaJ growth factor receptor (EGFR)» and inhibits 
growth of various tumour cells. The antibody is currently being used as a therapeutic agent in 
several clinical trials of patients with carcinomas. 

Objectives To determine and hivestigate the cutaneous side^ects in cancer patients treated with 
C225. 

Methods We clinically examined 10 patients treated with C225. and performed immunohisto- 
chemical and in situ hybridization studies on skin biopsies. 

Results The most common cutaneous reaction to C225 therapy was the development of an 
acneifonn follicular eruption, which was most pronounced on the face, chest and upper back and 
typically manifested a week after the onset of treatment. The consistency of the morphology and 
timing of the clinical fmdings in 10 dilTcrcnt patients following monotherapy with C225 strongly 
suggested a direct biological elTect of the antibody. Additional dermatological side-efTects included 
focal areas of tender paronychia! inilammation of toes and fuigers and small aphthous ulcers of the 
oral mucosa. Serial punch biopsies of chest skin before and after treatment (at 8 days) revealed two 
main reaction patterns: a superficial dermal inflammatory cell Infiltrate surrounding hyperkeratotic 
and ectatic follicular infundlbula. and a suppurative superficial folliculitis. In two biopsies focal 
intraepiderraal acantholysis was found. Microbiological cultures failed to reveal an infectious 
aetiology. Immunohistochemical and in situ hybridization studies on a subset of the biopsies showed 
an increase in the expresdon of p27'^*''^ in epidermal kerathiocytes after treatment with C225. 
Conclusions Our findings support the concept that p27'^**'* plays a part hi the in vivo regulation of 
follicular and epidermal homeostasis by EGFR. 

Kqf words: C225, epidermal growth factor receptor, folliculitis 



C225 Is an antibody to the epidermal growth factor 
(EGF) receptor (EGFR), and has previously been shown 
to block the proliferation of various cancer cells.'~^ It is 
currently being investigated in several clinical trials of 
patients with cancer of the head and neck, breast. lung, 
prostate and kidney as a single therapeutic agent or in 
combination with other drugs.^'^ Cutaneous side- 
effects are common in these patients, but have not 
been well characterized and the underlying mechan- 
isms have not been investigated. 
We studied the cutaneous fuiduigs of 10 patients 
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with renal cell carcinoma who participated in a 
treatment protocol with C225 as a single agent. The 
patients were followed clinically and punch biopsies 
were taken at regular intervals from chest skin. We 
present our findings of the clinical appearance of the 
lesions and show the pathological findings of the 
biopsies. 

Materials and methods 

Following written informed consent^ a series of 10 
patients (nine men and one woman; age range 47-76 
years» mean 58*4) enrolled in a non-randomi2ed phase 



O 2001 BriUsb AssoclaUoo of Dermatologists 



1169 



1170 K.J.BUSAM et al 



U clinical trial orC225 antibody therapy for metastatic 
renal ceil carcinoma at the Memorial Sloan -Kettering 
Cancer Center (New York) were studied with baseline 
and weekly dermatological evaluation and photo- 
graphy. Patients who had received prior chemotherapy 
or immunotherapy were excluded from the study. Study 
participants received C225 by intravenous infusion 
weekly at an initial loading dose of 500 mg 
followed by seven consecutive weekly doses at 
250 mg m""^. A baseline questionnaire documented 
Fitzpatrick skin type, past or recent history of acne, and 
all topical and systemic niedlcations being used at time 
of study entry. 

The severity of the cutaneous reactions was graded 
at weekly follow-up visits as: grade 1, asymptomatic 
macular or papular erythematous eruption In an 
acneiform distribution; grade 2. same as 1» but with 
symptoms such as pruritus; grade 3. extension of the 
eruption beyond the acneiform distribution of head, 
chest and back or the development of confluent lesions, 
painful lesions, or minor ulceration; grade 4. exfoliative 
or ulcerating dermatitis. 

Surveillance bacterial cultures of forehead skin were 
performed at baseline and day 8. Following a gentle 
cleansing of the forehead, a sterile PVM/MA copolymer- 
impregnated strip (Chesebrough-Pond's. NJ. U.S.A.) was 
applied to the skin for 5 min and the stratum corneum 
and follicular contents stripped from the skin. The strip 
contents were suspended in an aliquot of bacterial 
medium and plated on bacterial and fungal media. 

Serial 4-mm punch biopsies of chest skin were 
performed immediately prior to the initial infusion. 
1 h following completion of the initial infusion, and on 
day 8 of therapy. In addition, several of the patients 
underwent a skin biopsy on day 3 or 4 of therapy. The 
biopsies were kept firesh in saline. Upon arrival in the 
pathology laboratory (Memorial SIoan-Kettering 
Cancer Center. New York), the biopsies were split in 
half. One half was frozen, the other routinely 
processed. i.e. fixed in 10% formalin and embedded in 
paraffin. Multiple haematoxylin and eosin-stained 
sections per biopsy were examined and Gram as well 
as periodic acid-Scliiff-D stains were obtained to assess 
the presence or absence of bacteria and fungi. For cases 
that lacked a follicle or had only minimal inflammation 
on initial sectioning, the tissue block was extensively 
step-sectioned in search of a follicle and/or more 
prominent inflammation. 

Immunohistochemlstry was performed on biopsies 
from four patients whose tissue block contained suflicient 
material for such an analysis. The avidin-biotin method 



was used with the monoclonal antibody against p27^'*' 
(Ab-2; Oncogene Science. Inc.. Boston. MA. U.S.A.; 
0-1 \Lg mL~" flnal concentration) as previously des- 
cribed.^-' and UCHLl (pan-T-cell marken Dako; 
1 : 200). Endogenous peroxidase was suppressed by a 
20-min incubation with 1% H2O2. Labellmg of the 
secondary antibody was performed with an avidin-blotin 
complex using a biotinylated horse antlmouse secondary 
(Vector. Burlingame, CA. U.S.A.; 1 : 200 dilution) and 
diaminobenzidine tetrahydrocliioride (Biogenex. San 
Ramon. CA, U^.A.) as a chromogen. The number of 
stained nuclei was counted per liigh-power microscope 
field (HPF: x 40 objective). Three HPFs were examined 
per biopsy. 

In situ hybridization studies for p27'^'^* mRNA 
expression were carried out as previously 
described.®'^ Digoxigenin-labelled probes were used 
and 1 |ig of recombhaant plasmid pCRTMII (Invitro- 
gen Corp.. San Diego, CA. aS.A.). containing the full- 
length human p27iaPl gene (a gift from Dr M.Pagano. 
New York University School of Mcdictac). was 
linearized by BamHI and Xbcd to generate anti-sense 
and sense transcripts. Tissue sections were rinsed in 
water and phosphate-buflered salme (PBS) for 10 min 
The slides were digested with proteinase K 
(50 p.g mL'*) for 18 min at 37 "C in PBS and postfixed 
at 4 ^'C in a freshly prepared solution of 4% 
- paraformaldehyde In PBS for 5 min. Prehybridization 
was for 30 rain at 45 **€ In 50% formamide and 
2 X standard salhie citrate (SSC). The hybridization 
buffer contained 50% (v/v) deionized formamide. 10% 
dexlran sulphate (50% stock soluUon). 2 x SSC 
(20 X stock solution). 1% sodium dodecyl sulphate 
(10% stock solution) and herring sperm DNA 
(0-25 |tg mL"'). Hybridization was performed over- 
night at 45 •C by applymg digoxigenin-labelled RNA 
probe (10 pmol L"^ in 50 jtL of hybridization buflcr 
per section) under a coverslip. The coversUps were 
removed, and the slides were washed in prewanned 
2 X SSC for 20 min at 60 T twice, followed by washes 
in prewarmed 0-5 x SSC and 0 021 x SSC each at 
60 X for 20 min. After these washes, the slides were 
Incubated in normal sheep serum diluted in bufler at 
pH 7-5 and successively in the same buffer with 
antidlgoxigenln antibody conjugated to alkaline phos- 
phatase (Roche Diagnostics. IN. USA) at a dilution of 
1 : 1500 for 1 h at room temperature. The visualiz- 
ation was accomplished by use of nitroblue tetrazolium 
5-bromo-4-chloro-3-indolyl phosphate. The slides 
were counterstained with methyl green and 
mounted. 
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Rgwc L CUnlcal spectnim of the foUicular rarfi. (a) Invotvemeot of the skin of the chest (patient 3). (b) Involvement of the skin of the face 



Results 

CUnictd findings 

The most common side-eflect of C225 therapy was a 
follicular rash, which commonly began in an acneifonn 
distribution (face, scalp, chest and upper back) approxi- 
mately 1 week into therapy (Fig. 1). It developed in all 
10 patients. The time course of the clinical severity of 
the rash is depicted in Figure 2. There was no apparent 
association between severity of the rash and skin type 
or history of acne. Empirical use of topical and systemic 
antibiotics as well as topical steroids was not associated 
with consistent clinical improvement of the rash. 

Another common dermatological manifestation In 
our patients was pain, tenderness and fissuring of the 
distal linger tufts that occurred in varying degrees In aU 
of the patients. Five patients developed paronychia! 
inflammation with associated swelling of the lateral 
nail folds of toes and fmgers (Fig. 3). The digits most 
commonly aflected were the great toes and thumbs. 
In one patient the middle finger was affected as well. In 
several Instances the lateral nail fold swelling was 
associated vnth friable pyogenic granuloma-like 




— FACE 
CHEST 

— BACK 



S.*^a.**^iv'^-.'V-.*^ % % % 



changes that bled with mhiimal trauma. There was 
no preceding history of ingrown nails. Neither Candida 
nor bacteria were found on culture at the onset of these 
lesions. Staphylococcus aureus was cultured from some 
lesions, and persisted despite anUbiotic therapy. Great* 
est symptomatic relief was achieved with soaks and 
cushioning of affected areas. 

Two patients reported minimally symptomatic sores 
of the oral mucosa during therapy. They were found to 
have a few 2-3 mm intraoral aphthous ukers. 
Herpesvirus direct immunofluorescence and culture 
were negative in these patients. 



Histological findings 

The histological findings in serial punch biopsies 
performed on chest skin from nine patients treated 



FigDre 2. Severity of the rash over time by site 
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Figure 3. Ptaronychial swelUng and friability of the lateral nail fold of 
the great toe (patient 2). 
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Patient 
1 



Day of 
treatment 



4 

5 

6 
7 
8 
9 



1 

8 

1 

3 

8 

1 

4 

8 

1 

8 

1 

4 

8 

1 

8 

1 

8 

1 

8 

1 

8 



Histological flndings 



Table I. Summary of histological Dndlngs 



Normal skin 
Suppurative folliculitis 
Normal skin 
Superficial perifoHiculitls 
Suppurative superilclal folliculitis 
Normal skin 
Suppurative folliculitis 
Suppurative folliculitis 
Normal skin 

Pferivascular demiatitis (no folUcle present) 
Normal skin 

SuppuraUve follicuUtIs: focal Intracpldcrmal acanthofysis 
Suppurative folliculitis 
Normal skin 

Focal intraepidennal acanthotysis and mUd perifoUiculItfs 

Normal skin 

Superficial perifolliculitis 

Normal skin 

SuperGcial perifolliculltts 

Normal skin 

Superficial peTifoIliculitis 




Figure 4, Superficial dermal Infiltrate of lymphocytes surrounding a 
byperkeratotic follicular tnfundibttlum (haematoocyllo and eosln: 
original magnification x200). 



with C225 are summarized in Table 1. Before treat- 
ment with C225 was initiated, a control biopsy of 
normal skin was obtained, which was unremarkable 
in all cases, except for the presence of rare incidental 
Pityrosporum organisms in the stratum comeum of 
three patients. The subsequent biopsies showed variable 
Inflammatory changes. The earliest flndhigs included 
an infiltrate of T lymphocytes (hnmunoreactive for 
CD45RO; not shown) surrounding the follicular 
tafundlbulum (Fig. 4). After 1 week of treatment, 
four patients had a superficial perifolliculitis Involving 
byperkeratotic and ectatic foUicular hifundibula 
(Table 1). four had a florid suppuraUve folliculitis 
(Fig. 5). and two showed focal Intraepidennal 
acantholysis in association with a sparse neutrophilic 
Infiltrate involving the terminal portion of the sweat 
duct (Fig. 6). In one patient, tiie biopsy obtained at 
day 8 lacked a follicle upon serial sectioning. Thus, 
evaluation of follicular or perifollicular inflammation 
was not possible in this case. 



Table 2. Immonoreactivjty for p27*** 



No. of stained nucid per high- 
power microscope field 



Patient 



Prior to 
treatment 



Day 8 of 
treatment 



6 
8 
7 
12 



20 
25 
32 
35 
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FIgnre 5. Suppurative superOdal foUicuUtis. A hair follicle Is Invdved 
by a florid mixed inilammatory cdl InAItrate and rupture of tlie 
epitheliat llnlag is present (haematoxytin and eosln: orfglnat 
roagniOcatton x 40). 





Figure 6. Intraepidennal acanthblysls overlying the terminal portloo 
of a sweat duct which is focally involved by a neutrophilic Innitrate 
(arrow) (haematoocyUn and eosin; original magnilication xlOO). 



Figure 7, Immunoreactivity for p27^^ in epidennal kcratlnocytes. 
Fewer nuclei are ImmtmoposiUve prior to treatment with C223 (a) 
than 1 week after treatment (b). (Original magniOcation x 40) 



Immunohistochemlcal findings 

The expression of the negative growth regulator 
p27^^^^ was analysed by immunohistochemistry in 
four patients whose biopsies contained sufTicient tissue 
for analysis. The results are summarized in Table 2. At 
day 8 of treatment with C225, a three- to fourfold 
increase in the number of immunolabelled interfol- 
licular epidermal keratinocytes was found. While in 
normal epidermis only occasional basilar keratinocytes 
stained positive (Fig. 7a). keratinocytes at all cell layers 
of the epidermis stained for p27'^*^^ in skin of treated 
patients (Fig. 7b). 

In situ hybridization 

In those cases in which the expression of p27^^^ was 
analysed by immunohistochemistry, in situ hybridiza- 
tion studies were performed in parallel. Labelling was 
most pronounced in basilar and suprabasilar keratino- 
cytes. There was an approximately twofold increase in 
cytoplasmic labelling for p27 mRNA in epidennal 
keratinocytes of treated skin compared with untreated 
skin (not shown). 
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Microbiological cultures 

Surveillance cultures of facial skin Tailed to reveal any 
consistent significant changes in the cutaneous micro- 
flora. Neither Candida nor bacteria were found on 
culture at the onset of these lesions, although S. aureus 
was cultured from some persistent lesions. 

Discussion 

This study describes the cutaneous reactions seen In 10 
patients with renal cell carcinoma treated with C225. 
We focused our analysis on the most common reaction, 
which was an acneiform follicular eruption, histologi- 
cally characterized by a lymphocytic perifoiliculitis or 
suppurative superficial folliculitis. The absence of an 
apparent infectious aetiology, the con^stency of the 
clinical findings across patients, as well as the absence 
of another drug or plausible aetiology suggest C225 as 
the causative agent of this follicular dermatitis. Addi- 
tional indirect evidence for this hj^othesis comes 
from the clinical observation that we have seen a 
similar acneiform eruption in a patient treated with 
4-(3-chloro-4-fluorophenyIamino)-7-methoxy-6-(3-(4- 
morpholinyl) propQxy)-quina2oline. which is known to 
block EGFR-dependent activation of tyrosine kinase 
activity."® 

EGFR is expressed in the epidermis, the sweat gland 
apparatus and hair follicle epithelium. "'^^ Previous 
experimental studies have demonstrated a central role 
of the EGFR in the normal differentiation and develop- 
ment of the hair follicle. ^^""^^ Mice harbouring a 
targeted disruption of the EGFR allele exhibit a 
disorganized hair follicle phenotype.*'"^' EGF has 
pleiotropic effects on keratinocytes. Administration of 
EGF to newborn mice delays hair follicle development, 
decreases the rate of growth, and reduces the hair 
diameter.^"^ While it slows the growth and affects the 
dilferentiatioa of hair follicles. EGF is a potent mitogen 
on cultured keratinocytes and leads to epidermal 
hyperplasia and hyperkeratosis.^^^' 

Valuable information on the role of growth factors in 
the homeostasis of the pilosebaceous unit has been 
gained from in vitro studies.^'"'* In vitro models have 
demonstrated that EGF and transforming growth factor 
(TGF)-o are involved in the triggering of anagen and 
catagen.^*-^* A critical role for EGF and TGF-o in 
regulating the differentiation of sebocytes and kerati- 
nocytes of the human pilosebaceous Infundibulum has 
been established using organ cultures. EGF and 
TGF-a. however, are not the only growth factors 



relevant for the biology of hair follicles. Several other 
cytokines, such as insulin-like growth factor, inter- 
leukins and tumour necrosis factor-a are also known to 
play a part.""^^ 

The effects of C225 on the skin are likely to be a 
direct consequence of its interference with the signal 
pathway of EGFR. Among potential candidates of 
proteins involved in the postreceptor effects of C225. 
p27'^'*'* merits attention. It is a negative growth 
regulator that binds to and inactivates cyclin-depen- 
dent kinase-2, thereby leading to cell cycle arrest in 
35,36 sgvgjpgj 1^ ^i^j.^ studies on various tumour cells 
have shown that upregulaUon of p27^'P' plays a 
crucial part in growth inhibition by €225.^'"*^ 
Therefore, we examined the effect of C225 treatment 
on p27'"''' expression in the epidermis by immunohis- 
tochemistry and in situ hybridization. A three- to 
fourfold Increase in p27'"P^-positive keratinocyte nuclei 
was observed by the eighth day of treatment, which 
was accompanied by an hicrease in p27'"'** mRNA 
levels. Although it Is difficult to draw reliable conclu- 
sions from a smaU number of cases (four patients) in 
which sufficient lesional tissue was left for analysis, the 
consistency of increased p27'^*** expression in all cases 
suggests that that p27'^P^ could play a part in 
mediating the effects of C225 in vivo. It also indicates 
that C225 probably has a direct effect on keratinocytes. 
Such a direct efTect of C225 on target cells was recently 
demonstrated for mucosal epithelium in a patient with 
Menetrier's disease.*' Analysis of protein extracts from 
gastric fundic biopsies suggested that treatment with 
C225 resulted in lower concentrations of mitogen- 
associated protein Idnase and a decrease in the 
proliferative index of gastric glandular epithelium.** 
. C225 probably interferes with the EGFR signal 
pathway of epidermal and skin adnexal epithelium. 
The upregulation of p27'^* observed In our study 
probably leads to some impahment of ceil growth and 
associated altered differentiation. However, the precise 
mechanism by which altered levels of p27'"*'* con- 
tribute to an acneiform eruption remains elusive at the 
current time. Further experiments are needed to 
explore the role of p27'^'P* in follicular growth and 
differentiaUon. It is possible that altered levels of 
p27*"«*^ are solely a marker for the effect of C225 and 
are not causally linked to the acneiform eruption. Other 
proteins in the signal pathway of EGFR. such as 
mitogen-associated protein kinase, need to be studied 
for their role in follicular homeostasis, as they may 
provide clues to the mechanism of €225 as well as our 
understanding of the formation of acne. 
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it is also difPicult to establish a causal link between 
C225 and the presence of an inflammatory reaction. 
One possible explanation for the inflammatory infiltrate 
in the biopsies with suppurative inflammation is that it 
occurs in response to the follicular rupture observed in 
some specimens. Such a mechanical rupture may have 
its origin from an effect of C225 on follicular growth 
and differentiation, which may lead to excessive 
hyperkeratosis, follicular plugging and subsequent 
obstruction of the follicular ostium, similar to processes 
known to occur in acne. A perifollicular inllammatory 
cell Infiltrate in the presence of an intact roUlcle is more 
difficult to explain. It is possible that an alteration of 
follicular growth and differentiation affects the micro- 
flora of the skin* especially within the stratum corneum 
of the follicular infundibulum. which may subsequently 
elicit an inflammatory reaction. Such a presumed 
alteration of the cutaneous microflora Is not supported 
by the results from our limited microbiological studies 
and special stains for micro-organisms. It is. however 
conceivable that the inflammatory reaction is more 
directly related to C225. The mere presence of an 
antibody on the surface of follicular epithelial cells may 
directly elicit an mflammatory reaction, which in turn 
could lead to follicular rupture. Experimental studies 
are needed to investigate the cause of the inflammation 
further. 

The sparse neutrophilic inflammation involving the 
terminal portion of the eccrine duct which was 
accompanied by focal intraepidermal acantholjrsis, 
represents an unusual histological reaction pattern 
(Fig. 6). We have no explanation for the mechanism of 
this phenomenon. However, as EGFR is strongly 
expressed in sweat duct epithelium.'^ alterations in 
the pathophysiology of eccrine ducts of patients treated 
with antibodies against EGFR are not a surprise. 

The paronychlal changes obs^ed in our patients 
are similar to those previously described with systemic 
retinoid and antiretrovlral therapy.**"^^ The specific 
mechanisms by which these lesions are induced by 
retinoids and antiretrovlral agents are unknown. Our 
observations suggest a possible role for EGFR in the 
induction of these lesions. 

In summary, we describe the cutaneous side-effects 
seen In 10 cancer patients treated with C22S. We 
document the histological findings of the most common 
eruption, which was an acneiforra folUcuIar or 
perifollicular dermatitis. We believe that C225 is the 
cause of this eruption. To our knowledge, this 
represents the first report of cutaneous side-effects 
related to the treatment of patients with a humanized 



monoclonal antibody. Our results show that treatment 
with C225 results in upregulation of p27'^*'*' In 
epidermal keratinocytes. which indicates that altera- 
tion of p27'^''*' may be a mechanism by which C225 
can affect follicular and epidermal homeostasis.. The 
similarity of the follicular eruption described herein to 
acne suggests that further investigations into the 
disturbance of the EGFR pathway and cell cycle 
regulation in keratinocytes may be relevant to our 
understanding of acne and acneiform skin eruptions. 
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ImClone Systems Reports Second Quarter and First Six Months 2005 Financial Results 

NEW YORK-(BUSINESS W1RE>-July 26. 2005-lmClone Systems Incxjrporated (NASDAQ: IMCL): 

Erbitux U.S. In-Market Quarterly Sales Reach $97.8 Million, Up 12% Over the Prior Quarter, and Up 37% Over the Second 
Quarter of 2004 

Diluted Earnings Per Share of $.30; Non-GAAP Diluted Earnings Per Share of $.37 Exdudrng Expenses Associated with 
Discontinuance of Small-Molecule Research 

ImClone Systems Incorporated (NASDAQ: IMCL) announced today its financial results for the second quarter and six 
months ended June 30, 2005. 

Total revenues for the second quarter of 2005 were $92.4 million, a 25% increase over the second quarter of 2004 
Revenues Include four principal components: 

License fees and milestone revenue of $24.5 million in the second quarter of 2005 compared with $18.1 million in the 
second quarter of 2004; 

Manufacturing revenue of $7.9 million in the second quarter of 2005 compared with $1 4.8 million in the second quarter of 

2004. Higher volume purchases by Bristol-Myers Squibb In the second quarter of this year were offset by a lower selling 
pnce in 2005 as compared with 2004. Purchases by Bristol-Myers Squibb are timed at their discretion to accommodate 
forecasts and safety stock needs, and are not necessanTy indicative of historical in-market sales or future sales 
expectations. No product intended for commercial use was sold to Merck KGaA during the second quarter of 2005: 

Royally revenue of $41.8 mflllon in the second quarter of 2005 compared with $28.5 million In the second quarter of 2004 
Royally revenue for the second quarter of 2005 includes $38.1 million representing 39% of Bristol-Myers Squlbb's In-mariiet 
Ert)ltux net sales of $97,8 million, compared with first quarter in-maricet net sales of $87.1 million, an inaease of 12% and 
second quarter 2004 in-maricet net sales of $71.4 million, an Increase of 37%. These in-maricet sales, reflecting a drop-ship 
distribution methodology, represent ErtHtux shipments to end-user accounts only, with no wholesaler stocking; and 

Collaborative agreement revenue of $18.2 million In the second quarter of 2005 compared with $12.4 million in the second 
quarter of 2004. The year-to-year increase prindpally reflects reimbursement for increased purchases of dinfcal materials by 
Merck KGaA. and higher reimbursements for royalty payments. 

Total operating expenses for the second quarter of 2005 were $71.3 million, induding $6.2 million of expenses associated 
with the discontinuation of the Compan/s small-molecule research program, which were previously announced on May 11,j 

2005. Exduding these expenses, operating expenses for the second quarter of 2005 would have been $65,1 million 
compared with $46.4 million in the second quarter of 2004. Operating expenses induded: 

Research and development expenses for the second quarter of 2005 were $24.4 million compared with $18.8 million in the 
second quarter of 2004; the Increase is prindpally attributable to expenses assodated with dinical supplies sold to the 
Company's partners which are reimbursed as a component of Collaborative agreement revenue; 

Clinical and regulatory expenses in the second quarter of 2005 were $8.4 million, compared with $6.2 milHon In the second 
quarter of 2004, reflecUng higher expenses associated with dinical trials in support of Ert>itux and pipeline products currently 
in Phase I dinical development and the preparation of the sBLA for squamous cell cardnoma of the head and neck which is 
expeded to be filed with the FDA in the third quarter of this year; 

Mariceting, general and administrative expenses were $16.8 million in the second quarter of 2005 compared with $13 6 
million in the second quarter of 2004. The Increase in 2005 is prindpally attributable to higher compensation expenses 
assodated with increased headcount prindpally in sales and nrariceting attributable to the field force, and higher 
professional fees, primarily for legal services; 

Royally expenses were $14.3 million in the second quarter of 2005 compared with $7.6 million in the second quarter of 
2004. The Increase is attributable to higher In-maricel sales and the fact that the Company did not have an expense as of 
June 30. 2004 for royalties related to the Centocor license. Approximately $5,0 million of the 2005 expenses were 
reimbursed as a component of Collaborative agreement revenue, resulting in net royalty expenses of $9.3 million for the 
second quarter of 2005 compared with $4.4 million in the second quarter of 2004; 

Cost of manufaduring revenue was $1.1 million in the second quarter of 2005 reflecting labeling and packaging costs as 
well as the recognition of certain previously capitalized manufaduring costs; and 

Expenses assodated with the discontinuance of the Compan/s small-molecule research program of $6.2 million induding 
$2.3 million of severance and related costs and $3.9 million assodated with the write-off of fixed assets and other 
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miscellaneous expenses. 

The effective tax rate for the full year of 2005 (assuming no $250 million milestone Is earned from Bristol-Mvers SonihM 5« 
now estimated to be 1.0%. principally because of the utilization of deferred tax assets, mainly including the amortiza Im % 
license fees and milestones which were taxable in prior periods. The Company's estimate of the lull-year tax rate at ttreend 
of^the first quarter of 2005 had been 1.3%; as a result, the effective rate for the second quarter of 2005 is airoxii^er 

Net income for the second quarter of 2005 was $26.0 million compared with $24.3 million in the second quarter of last vear 
Diluted eammgs per share were $.30 in the second quarter of 2005 compared with $.29 in the second quarter of 20M 
Exdudmg the expenses associated with the discontinuaUon of the Compan/s small-molecule research program norwGAAP 
diluted earnings per share were $.37 in the second quarter of 2005. A reconciliation of non-GAAP diluted Si sha^ 
to diluted eammgs per share prepared in accordance with GAAP is set forth below. earnings per share 

Total revenues and net income for the six months ended June 30. 2005 were $178.2 million and $54.9 million resoectivelv 
compared with $183.9 million and $87.0 million, respectively, in the first six months of last year. DilutedSi SS' 
were $.63. or $.70 on a non-GAAP basis, for the first sbc months of 2005 compared with $1 02 in the fireSXKf 

Conference Call 

ImClone Systems will host a conference call with the finandal community to discuss 2005 second quarter and six months 
finaiKaal results, today. July 26. 2005. at 11 :00 AM Eastern Daylight Time. . 

The conference call will be webcast live and may be accessed by visiting ImClone Systems' website at www imdone com. A 

Those parties interested in participating via telephone may join by dialing (888) 694-4641 or (973) 935-8512 for r^^iic 

^L^^^^l z:^ ®* midnight Eastern Daylight Time. To access the telephone replay, dial (877) 519^71 domestically 
or (973) 341.3080 for calls outside of Canada and the United States, and enter passcJde number ^Ss^^^ domestically. 

Reconciliation of Diluted Earnings Per Share ("BPS") Excluding 
Expenses Associated with Discontinuing Small -Molecule Research to 
Diluted EPS on a GAAP Basis 

Three Months Six Months 
!. r Ended Ended 

June 30, 2005 June 30, 2005 

EPS excluding expenses associated with 

discontinuing small-molecule research (1) $.37 $ 70 

EPS attributable to expenses associated 

with discontinuing small-molecule 

research 



EPS, GAAP basis 



$.07 $.07 
$.30 $.63 



(1) EPS excluding expenses associated with discontinuing the Company's 
small-molecule research program is a non-GAAP financial measure 
The COTipany believes that, it is useful to present this non-GAAP 
financial measure because it permits disclosure of operating 
results on the same basis used by management and provides 
investors with a more complete understanding of the Company's 
underlying operational results and trends. You should not consider 
EPS excluding expenses associated with discontinuing the Company 's 
small-molecule research program in isolation or as a substitute 
for EPS determined in accordance with U.S. generally accepted 
accounting principles, as set forth above. 

Alx>ut ImClone Systems Incorporated 

hj!!!^^'" V"?'^''^^*!^ committed to advandng oncology care by developing and commercializing a portfolio of 
S^oS f ^ designed to address the medical needs of patients with a variety of cancers. The Compa^^^^^^ 

iTrb^me a S^^^ include growth factor blockers and angiogenesis inhibLs. ImClone SystemsSgy 

IS to become a fiilly integrated biophamiaceutical company, taking its development programs from the research stage to the 
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market. ImClone Systems' headquarters and research operations are located In New York Crty. with additional 
administration and manufacturing facilities In Branchburg, New Jersey. 

Certain matters discussed In this news release may constitute fonward-fooking statements within the meaning of the Prrvate 
Securities Litigation Reform Act of 1995 and the Federal securities laws. Although the company believes that the 
expectations reflected in such fonvard-looking statements are b^sed upon reasonable assumptions It can give no assurance 
that Its expectations will be achieved. Fonvard-looking infonnation Is subject to certain risks, trends and uncertainties that 
could cause actual results to differ materially from those projected. Many of these factors are beyond the company's ability 
to control or predict Important Actors that may cause actual results to differ materially and could Impact the company and 
the statements contained in this news release can be found In the company's filings with the Securities and Exchange 
Commission including quarterty reports on Form 10Q. current reports on Fomrj 8-K and annual reports on Forni lO-K For 
fonvard-looking statements In this news release, the company claims the protection of the safe hart)or for fonvard-looking 
statements contained in the Private Securities Litigation Refomi Act of 1995. The company assumes no obligation to update 
or supplement any fonvard-looking statements whether as a result of new infomiation, future events or othenvise. 

IMCLONE SYSTEMS INCORPORATED 
Consolidated Condensed Statements of Operations 
(Unaudited) 
(in thousands, except per share data) 



Three Months Ended Six Months Ended 
June 30, June 30, 





4CvUD 


^U04 (1) 


2005 


2004 (i; 


Revenues : 










License fees and mi lp^t*nno 










revenue 


$24,491 


$18,148 


$ 49,025 


$ 85,646 


Manufacturing revenue 


7,894 


14,796 


18,913 


40, 300 


Royalty revenue 


41,791 


28,460 


78,163 


35, 605 


Collaborative agreement 










revenue 


18,209 


12,364 


32,055 


22,381 


Total revenues 


92,385 


73,768 


178,156 


183,932 


Operating expenses: 










Research and development 


24,433 


18,836 


45,606 


39,047 


Clinical and regulatory 


8,376 


6,202 


17,774 


13,264 


Marketing, general and 










administrative 


16,833 


13,577 


34,456 


25,205 


Royalty expense 


14,338 


7,636 


26,904 


9,679 


Cost of manufacturing 










revenue 


1,106 


123 


1,849 


336 


Disposal of small molecule 










research program 


6,200 




6,200 




Other 








Ur815) 


Total operating expenses 


71,286 


46,374 


132,789 


85,716 


Operating income 


21,099 


27,394 


45,367 


. 98,216 


Other (income) expense, net 


(5,106) 


381 


(10,038) 


1,496 


Income before income 
taxes 

Provision for income 
taxes 


26,205 
174 


27,013 
2,701 


55,405 
554 


96,720 
9, 672 



Net Income $26,031 $24,312 $ 54,851 $ 87,048 
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Income per common share: 

^^sic $ 0.31 $ 0.31 $ 0.66 $ 1.14 

'^i^^ted $ 0.30 $ 0.29 $ 0.63 $ 1.02 

==.085ssa== ========= =s=sa==»==- 

Shares used in calculation 
of income per share: 

^asic 83,616 77,373 83,448 76,316 

^i^^ted 92,074 92,888 92,362 89,620 



(1) Royalty expense and Collaborative agreement revenue in 2004 have 
been reclassified to conform to the current year presentation. 
Both categories have been increased by $2,231 and $2,778 for the 
three and six months ended June 30, 2004, respectively, in order 
to reflect the reimbursed portion of royalties for agreements that 
were finalized in January, 2005. 



IMCLONE SYSTEMS INCORPORATED 
Consolidated Condensed Balance Sheets 
(Unaudited) 
(in thousands) 



Assets 


June 30, 
2005 


December 31, 
2004 


Current assets: 






Cash and cash equivalents 

Securities available for sale 

Inventories 

Other current assets 


$ 4,588 
807,281 
66,412 
88,019 


$ 79,321 
840,451 
40,618 
102,047 


Total current assets 


966,300 


1,062,437 


Property, plant and equipment, net 
Other assets 


380,950 
30,062 


339,293 
33,046 


Total assets 


$ 1,377,312 


$1,434,776 


Liabilities and Stoc)cholders • Equity 
Current liabilities 
Deferred revenue, long term 
Long-term obligations 


$ 226,621 
305,699 
602,107 


$ 303, 690 
348,814 
. 603,434 


Total liabilities 


1,134,427 


1,255,938 


Stockholders' equity 


242,885 


178,838 


Total liabilities and 






stockholders ' equity 


$ 1,377,312 


$1,434,776 



CONTACT: ImCIone Systems Incorporated 
Investors: 

Andrea F. Rabney, 646-638-5058 
Stefania Belhlen. 646-638-5058 
or 

Media: 

David M. F. Pitts. 646-638-5058 
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Molecules in focus 

EGF receptor 

Alan Wells 

*Ptportment of Pathology, Vniwjtty of Alabama, Birmingham, Alabama 35294-000?, USA 
^Pathology and Laboratory Services, Birmingham VAMC, Birmingham, Alabama 35794-0007, VSA 
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The receptor for Ihc cpidcnnal growth faaor (EGF) and related ligands (EGFR). the proiotypal member of Ihc 
supcrfamity of receptors with intrinsic tyrosine kinase activity, is widely expressed on many cell lypcs, including 
epithelial and mesenchymal lineages. Upon aciivaiion by at least five gcttclically distinct ligands (including EGF, 
iransfonning growth factor a (TGFa) and heparin-binding EGF (HB-EGF)), the intrinsic tanase is activated and 
EGFR lyrosyl-phosphorylaics ii«lf and numerous intermediary effector molecules, including closely-related c-erbB 
receptor family members. This initiates myriad signaling pathways, some of which attenuate receptor signaling. The 
integrated biological responses to EGFR signaling are plciolropic including milogcnesis or apoptosis, enhanced cell 
motility, protein sccrclioo, and differenliaiipn or dcdilfcrcntiauon. In addition to being implicated in organ 
moiphogenejas, maintenance and repair, upregulai^ "eGFR si|;naliag has been correlated in a wide variety of 
tumors with progression to invasion and meiastiijis. Thus, EGFR and its downstream signaling molecules arc 
targets for therapeutic interventions in wound repair and cancer. Published by Elsevier Science Ltd. 

Keyvards: Receptor protein ifTOSinc kinase (RPTK); Tumor invasion: Wound healing; Organogenesis; Sicnaling piihways 



1. Introductioo 

Cell surface molecules communicate infor- 
mation from the external milieu to the cell. This 
sensing is critical in multicellular organisms as 
the cells must function appropriately to .their. 



• Td.: 205-W4-O3S7; fax: 205-975-9927. 
E-mail eddrest: w«lU<guab.cd« (A. Wells) 

' I apologize to all otithors whose important works contrib- 
uitd to our understanding of the EGF receptor but could not 
be directly died in thit review due to the limitations in 
references. 



localization and respond in concert to the needs 
of the organism. One major family of senson is 
comprised of transmembrane receptors with 
intrinsic protein tyrosine kinase acu'viiy (RPTK). 
the prototypal member of which is the EGF 
1 freceplor (EGFR; also referred to as HER 
J :. (human EGF receptor) and c-erbBI) as it was 
the first receptor described to possess tyrosine 
kinase activity and the first member of this super- 
family to be sequenced. Co-incidentally, the 
structure of EGFR appears lo represent an 
archetypal pattern for this supcrfamily of extra- 
cellular sensors that control basic cell functions. 



t357-2725/99/S - see front mauer Published by Elsevier Science Ltd. 
PH: S13S7. 2725(99)00015-1 
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Fi«. I. Slnietttral moiUs and rqcttbto/y dcmenU in ihc EGF 
receptor. The inaiurc EGFR. potypcptide U shown. On the lefi 
chaoses ehatacterue the two variants are ihown: the 
dclrtion orcxons 2-7 in ECFRvIIi and Ihc aliernacivc)y 
spliced taU of the secreted EGFR (sEGFR). Other highllghced 
itflicium include the two cysieinc-rich (CR) domains, lhe'(ii»- 
continoous ligand-binding domaiiu. which are different bii( 
ovcf lapping for ihc various liginds. The Iransmembnne (TM) 
jiidch Jteparatcs the gtycosybted extncellular domain from 
the iniraccllular rtgioas. This bilcr includes the tyrosine 
kinatf domain as well as the autophosphorybtcd tyrosines 
(YX the site ofPKC tnnsmodulation on threonine at amino 
acid 654 (T6S4). and the calpsin ckavagc site. Not shown are 
the three internalization domains (at 973. 996. and 1 U9). 



These receptors all present kinase activity di- 
rected against tyrosine residues located both 
within the receptor itself (autophosphorylation) 
and on urget downstream molecules. Ligand 
binding activates the kinase which, with a poss- 
ible few minor exceptions, is reqtiircd for all cel- 
lular responses. The pleiotropic cell responses, 
actuated via still ill-defined pathways, include cell 
proliferation, migration, and difTercniiation as 
well as homeostatic functioning. 



2. Structure 

• EGFR is somewhat unusual among RPTK. in 
that there is a single isoform, from a single 26 
exott gene located across llOkb on chromosome 
7pll-13, which serves as the sole or overwhel- 
mingly predominant receptor for multiple distinct 
ligands including EGF. TGFa, amphircgulin, 
HB-EGF and a number of virally-cncoded fac- 
tors. The protein product of this gene is most 
often an 1 186 amino acid mature transmembrane 
glycoprotein (Fig, 1). An amino-terminal 622 
amino acid extracellular domain containing two 
cysteine-rich domains comprises the ligand bind- 
ing domain. There is a single alpha-hclical trans- 
membrane pass. The intracellular 542 amino 
adds can be grouped into three domains. The 
juxtamembrane domain (--50 amino acids) serves 
primarily as a site for feedback attenuation by 
PKC (protein kinase Q and crk MAP kinases 
(extracellular signal-regulated kinase, mitogcn- 
activated protein kinase), though there is evi- 
dence that a motif within this region may link to 
heierotrimeric G proteins [1). Next comes a con- 
tiguous ^^250 amino acid tyrosine kinase (SH1» 
src homology 1) domain. A unique 229 amino 
•add long earboxy-terroinal tail conuins five 
autdphosphorylaliotJ motifs which link to pro- 
lans containing SH2 or PTB (phospho-tyrosine 
binding) domains, at least three internalization 
motifs comprised of a tight turn, and sites for 
transphosphorylation and proteolytic activation 
and degradation. This tail also functions as an 
autoinhibitory substrate; in the absence of dlhcr 
auiophosphorylaiion or removal, ligand-activated 
EGFR is unable to phosphorylate substrates. 
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Fi« 2 Lifiand-reguUicd liafRcIcmg and disposition of EGFR. Upon ligand binding EGFR kinase ii activated and •>«J«^« « 
,numalil^^^^ piU uiing a samnbte, adaptin^pccific mechanism. Tlus iniual action coaw eni between Ih. 

XnXrdV^^^^^^^ companmcnt. Ibe ulu.atc fate of EGFR U detem^incd by b.n<Jmg pro^^^^ 

U^c LndiBGF fimain* bound and dirtcw the n^plor and iu bound EGF lo degradation; TCF« di«oculcs and the receptor u 
iLSST-hi^^^ free TCF. aorU uilh ihc majority of Ihrbulk phase to degradation. When thts '^-^^'^^^^^^^'^^^^^ 
Smalcly 50.000 inlcmali2«l EOFR). «e«. £GFR> rccyclcdTiJ ihU situation EGF bound lo receptee wUI be ^turned lo ihc 
surface white the majority of TGF« wiU sUIl be iegraded./Jijh tbc Sulk phase. 



The EGFR auiophosphor^laiion motifs are 
structurally similar (21 and functionally redun- 
dant, in distincuon to many other RPTK. This 
simple architecture and flexible interchange of 
redundant motifs bespeaks an archetypal gene. 

There arc two esublished and one proposed 
EGFR varianu. A splice variant proximal lo the 
transmembrane domain generates a secreted form 
of EGFR which can act as a dominaril-negatiyc 
in experimental situations. Whether this a^ts ini; ," 
vivo as a negative titrater of signahng or as a-sol- ' 
ubic binding protein extending the hfe-sp5li;pf 
EGFR ligands or acting as an extracellular sink 
for predeposited ligands remains to be deter- 
mined. A non-ligand binding but consiitutively 
active EGFR variant (EGFRvIIl) laclcing amino 
acids 6-273 (cxons 2-7) across the first cysteine- 



rich domain was first reported as a tumor-specific 
gene rearrangement; more recent work has 
suggested that this rearranged gene may replicate 
a splice variant present during development (31- 
The presence of immunologically- and biochemi- 
cally-defined EGFR in the nucleoplasm has lead 
to suggestions of a transmembrane-ncgative 
splice variant similar to one reported for the re* 
Jated k-sam gene; however, this species has yet to 
be positively identified. Except for EGFRvIlI in 
select tumor types, these EGFR variants rep- 
resent minor populations observed only in lim- 
ited situations. 

EGFR interacts with most members of the o- 
erbB subfamily of RPTK. The ligand for crbB-2 
is undefined while erbB-3 and crbB^ serve as 
heregulin and neuregulin receptors. However, a 
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major function of these other receptors appears 
10 be as downstream effectors of each other. 
These recqjiors hciero-aggregate, cross-phos- 
phorylate, and modulate signaling from each 
other in specific pairings. For instance, EGFR 
(crbB-1) will interact with erbB-2 and erbB-J but 
not erbB-4, but erbB-4 will pair with erbB-2. Of 
particular note is that erbB-3 lacks kinase ac- 
tivity, rather serving as a docking protein to 
recruit a broader spectrum of downstream effec- 
tors after phosphorylation by EGFR or crbB-2. 
Such a situation may be reiterated by the tumor- 
specific EGFRvIIf. 



3. Expression and degradation 

EGFR is present on all epithelial and stromal 
cells as well as select glial and smooth muscle 
cells. It is transcribed from a TATA-less promo- 
ter as two predominant large mRNA species that 
differ by the extent of 3' untranslated sequence 
(in humans as -6 kb and -^9 kb species). 
Relatively liiile has been reported about tran- 
scriptional control of EGFR. though it appears 
to decline with cellular aging at least in dermal 
fibroblasts. Post-translational processing and 
trafficking has been extensively studied and 
reviewed. In polarized epithelial cells EGFIl is 
largely restricted to the basolateral asjJcfcts, 
allowing for epiihelial-stromal communication 
from fibroblast-derived TGFor and other matrix- 
associated EGFR ligands. This asymmetric pres- 
entation of EGFR limiU autocrine signaling, as 
many of these epithelial organs, particularly 
throughout the genitourinary system, secrete 
copious amounts of EGF into the lumens [4). 

Upon ligand binding and activation. EGFR 
imdergo internalization via a saturable endocylic 
system which depends on specific adaptins and 
sorting nexins complexing with EGFR carboxy- 
terminal motifs. The fate of the receptor depends 
on continued occupancy and kinase activity 
EGF. remaining bound in the acidic* late eiiddio- 
mal compartment, directs EGFR to degradation 
whereas activation by TGFa» which displays a 
pH-scnsitive dissociation, results in recycling. 
Ligand-induccd internalization and degradation 



results in signal attenuation with net removal of 
cither receptor (in the case of nondissociativc 
ligands like EGF) or ligand (for dissociative 
ligands such as TGFa) [5] (Fig. 2). Thus, differ- 
ent ligands can dicUie the strength and Umporal 
lifespan of EGFR signals, thereby providing a 
rationale for the existence of multiple genetically- 
distinct ligands. 



4, Biological function 

EGFR is a pleiotropic signaler. The integrated 
biological response to EGFR activation varies 
from mitogenesis to apopiosis, migration to 
differentiation to dedifferentiation even in the 
iamc cell depending on the context, which 
includes cell density, type of matrix, other cyto- 
kines, and even the position within a cell colony. 
The molecular bases of these responses is only 
now being defined [6]. 

EGFR kinase triggers numerous downstream 
signaling pathways similar to other RPTK and 
tyrosine kinase-linkcd cytokine receptors. These 
pathways include those that involve PLC? (phos- 
phoUpasc C-y) and iu downstream calcium- and 
PKC-raediatcd cascades, ras activation leading to 
various MAP kinases, other small GTPases such 
as rho and rac, multiple STAT (signal tranduccr 
and activator of transcription) isoforms, and hct- 
erotrimeric G proteins, as well as others to a les- 
ser extent including the phospholipid-direcicd 
enzymes PI3 kinase (phosphaiidylinositol 3'-OH 
kinase) and FLD (phospholipase D), and the 
proto-oncogcne cytoplasmic tyrosine kinase src. 
While this confusion of cascades has prevented 
hjcid exposition of biochemical links to biological 
responses, a few principles arc becoming clear. 
First, a number of signaling pathways can be 
shown to be required, but not sufficient for a 
particular response; PLCymediated hydrolysis of 
PIP2 (phosphatidylinositol (4.5) bisphosphatc) 
and mobili2ation/aciivaiion of actin-modifying 
proteins is required for EGFR-mediatcd motility, 
but motility is blocked if MEK (MAP kinase 
kinase) signaling is abrogated [6-8). Second, 
many signaling pathways contribute to multiple 
responses; activation of the erk MAP kinases 
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promotes both proliferation and migration^ (8J, 
Third, other signals, both biological and .fid'- 
physical, modulate the response to EGFR a^-- 
vation; epithelial and stromal cells only exhibit 
biological responses when attached io tensed 
substratum [9]. Fourth, temporal and spatial con- 
uol of EGFR signaling dictates the biological 
outcome possibly by altering the balance between 
various signaling pathways; the motility-associ- 
ated PLCy pathway initiates a PKC-mediated 
feedback attenuation which only slightly 
decreases global crk activation (but likely alters 
localized erk populations) which shifts the re- 
sponse from proliferative to migratory llO)*(Figf, 

3). 

All this begs the question of the physiological 
role of EGFR signaling. This has been 
approached by extrapolation from in vitro exper- 



iments, in vivo perturbations such as disrupting 
EGFR regulation by adding or blocking ligands, 
and. most recently, by genetic engineering. The 
first noted role for EGF was maturation of epi- 
thelial tissues* as evinced by precocious eye open- 
ing and. tooth eruption upon injections of EGF. 
This developmental role has been supported by 
EGFR knockouts which die in the neonatal 
period due to severe immaturity of several epi- 
thelial organs; that the pattern and severity of 
the developmental retardation is dictated by the 
genetic background of the mice suggests that 
other RPTK may be recruited to subsume, at 
. least partially, the roles of EGFR. It also was 
shown that postpartum milk production was 
enhanced by EGFR signaling, suggesting a meta- 
bolic role [111. In adult animals, EGFR signaling 
has been postulated as imporunt for organ 
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repair, which may be viewed as nco-organogen- 
esis: reduction of EOF levels impairs hepatic re- 
generation. Throughout the genitourinary tract, 
high levels of lumenal EGF are proposed to 
stimulate repair of epithelial breaks by gaining 
access to basolatcral EGFR. ' !. 

In most of these situations the operative cdlur 
far response is assumed lo be the mi togenic re- 
sponse to EGFR signaling. However, daring 
development cclU must proliferate, migrate and 
differentiate, and during repair dediffcrcntiation 
may also play a role. Parsing the individual cell 
responses has been confounded by the piciotropic 
nature not only of EGFR signaling but also of 
several of the downstream effectors. Recently, we 
have idcniified PLCy as being required for 
EGFR-mcdiaied motility but not mitogencsis. 
Inhibiting this specific pathway in breast -and 
prosute epithelial cells, severely retards . the 
branching morphogenesis. This pattern is similar 
to mammary glands in which global EGFR sig- 
naling is abrogated by a dominani-negaiivc 
EGFR [12). This suggesU that the operational re- 
sponse is not mitogcnesis but migration. Many 
further investigations arc needed to determine the 
situations in which each of the integrated cellular 
responses function physiologically. 



5. Medical/industrial applicatioD 

Control of EGFR signaling will likely pro^de 
important opportunities in three main areas^ 
cancer treatment, organ repair, and cell pro- 
duction. EGFR is the receptor most often found 
upregulatcd in a wide variety of human tumors 
[13]. Due lo its early identification as the proio- 
oncogcnc of the transforming v-erbB oncogene 
and its association with the genesis of numerous 
tumors, EGFR has been the target of numerous 
therapies, ranging from therapeutic and imaging 
antibodies to toxin-linked ligands to enhance- 
ment of targeting for gene therapy vectors [14]. 
These approaches have primarily used uprcgU- 
laicd EGFR a.s a tumor-specific target based on 
a therapeutic index as EGFR expression is; Swdc- 
sprcad; the special case of EGFRvIII deKtcd 
EGFR may, however, represent a *tnic* tumor- 



specific antigen. In many tumors EGFR levels 
arc not overexprcsscd but rather signaling is 
uprcgulated due to autocrine stimulatory loops 
secondary to the breakdov^m of cellular asymme- 
try and spatial segregation of EGFR and its 
ligands. In these cancers, the therapeutic index 
based on EGFR levels is not available. Rather, 
one needs to evaluate the biology of the tumor. 
Two cellular responses are considered targets: 
proliferation and migration. At present, EGFR- 
mediaied but not basal migration can be 
approached by abrogating activation of PLCy. 
We have demonstrated that in a mouse xenograft 
model of human prostate carcinoma, inhibition 
of this signaling pathway prevents tumor inva- 
sion, albeit tumor growth remains unaffected. 
Interestingly, this likely represent the pathologi- 
cal aspect of the physiological role of branching 
•morphogenesis. EGFR-spccific proliferation, 
which may be critical for metastatic growth in 
ectopic sites, currently is less accessible as most 
downsueam Urgcts would likely have widespread 
unintended toxicities to proliferative organs such 
as bone marrow and gastrointestinal lining. Still, 
EGFR-mediated downstream signals may rep- 
resent a fruitful avenue for attacking tumor inva^ 
sivcness as an adjunct therapy for anti-mi lotic 
therapy or surgical/radiotherapy bulking. 

EGFR modulation holds tremendous promise 
in promoting wound repair and limiting scarring. 
One can easily envision that by understanding 
the quantitative aspects of EGFR signaling on 
both proliferation and migration, new agents and 
materials would be developed to improve dermal 
wound repair, which is readily accessible to 
repeated and targeted Mrug* applications. During 
wound repair both proliferation and migration 
must be triggered but in the proper spatial and 
temporal context. Our lack of understanding of 
this complex orchestration likely underlies the 
failure of EGF and other growth factors to 
improve this clinical situation to date, A second 
use bespeaks this fine balance between augmcnt- 
lirig and abrogating repair. Injection of high con- 
centration of EGF results in sheep shedding their 
fleece and has been promoted as an alternative to 
shearing, though a costlier one. While current 
human fashion dictates against total hair loss 



PPGE .07 



JIX- 10-2003 11-37 



'-oGenesys 



310 820 8489 P. 08/09 



A, iVtIk f The inmncUona) Jour^t of Biochemistry A CttI Bhhgy Si ( 1999) 637^43 



having a significant cosmetic market, localized 
depilatory action may be profiuble. 

One major industrial use of EGFR signaling is 
in the production of bio-pharmaccuticals. As 
genetically-engineered agents arc made m mam- 
malian cells, a limiting factor will be control. pf 
cell growth and viability. The ready availability 
and stability of native and recombinant EGFR 
Hgands even in harsh conditions coupled with 
cross-species promiscuity make these ideal for 
large-scale cell cultures. Furthermore, specific 
alterations and modifications have been shown to 
alter the signaling properties to extend the bioac- 
tivity or spare cell receptors [151. 
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The EGF receptor system in head and nedc carcinomas and 
norma] tissues, Inifniiiiphistochemica] and quantitative 
studies. -y^,,.-'- 

ChristeDseo ME. 

Department of Otolaiyngology-Head and Neck Surgeiy, H:S 
Rigshospitalet, Copenhagen. 

The EGF receptor (EGF receptor) and two of the ligands, transforming 
growth factor alpha (TGF-alpha) and epidermal growth factor (EGF), exert 
mitogenic activities in epjthehal cells. Hence, the overall aim of this work 
was delineattojt;9.fth? IGF receptor system in head and neck carcinomas, 
which in the majc>nty oFcases are qjithelial derived tumours. Ch^ter 1 is a 
general introduction to head and neck carcinomas and the relevance of the 
EGF receptor system in this context Chapter 2 focuses on the 
immunohistochemical distribution of TGF-alpha in normal human tissues, 
while previous studies dealing with the growth factor in head and neck 
carcinomas revealed other localizaUons in normal cells. TGF-alpha was 
detected with monoclonal as well as polyclonal antibodies. The results 
showed that the growth factor is widely distributed in noimal human tissue? 
and thus not limited to malignant cells. Chapter 3 describes the 
immunohistochemical localization of the EGF recq>tor in 55 patients with 
squamous cell cai-cinoma^ the head and neck region. The study included 
adjacent normaitpiucds^ arid in 12 cases additional dysplastic areas were 
present. The EGFreceptor was found in the basal cell layer in normal oral 
and laryngeal mucosa. ]n sections from patients who had received 
preoperative irradiation the receptor was in addition seen on the spinous 
cells. In dysplasUc epithelial all cells stained for the EGF receptor. The 
majority of the head and neck carcinomas expressed the EGF receptor, hi 
poorly differentiated tumours almost all cells were posidve for the receptor. 
Sections from moderately and weU differentiated hmiours demonstrated a 
reduction in the extent of stained areas, paralleling the situation obsenrcd in 
the differentiated upper layers of normal oral and laryngeal mucosa. 
Furthennore, this.chiapter describes the EGF receptor quantitatively in 60 
patients with headand ft'ebk carcinoma. This study was performed in order 
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to evaluate if overexpression of the EGF receptor was a common motif for 
head and neck carcinomas. The level in tumour biopsies was compared 
with the level in the patients' corresponding normal mucosa. An enzyme- 
linked immunosorbent assay detecting protein epitopes of the receptor was 
employed. OverexpFessiJon of the receptor was found in the majority of 
cases. The overj^xpre^sij^^^ was further correlated to clinicopathological 
parameters. HoW^verV no significant correlations were found although the / 
mean values increased with increased tumour size and advanced clinical ' 
stage. The use of quantitative assays are further discussed and limitations 
arc emphasized with respect to heterogeneity at the EGF receptor level and 
the varying stromal components in malignant tissues. Despite these 
problems the relevance of the EGF receptor a therapeutic situation is 
illustrated with e.g. EGF receptor antibodies and tyrosine-kinase inhibitors. 
Chapter 4 focuses on the inununohistochemical expression of EGF and 
TGF-alpha in carcinomas from same 55 patients. This study included 
adjacent normal mjicosa in which the growth factors were expressed above 
the basal cell layer; Th'^^majority of the tumours expressed both growth 
factors and non^^ofitbe sections were negative for both EGF and TGF- 
alpha. In biopsi^s.from moderately and well differentiated tumours the 
growth factors were demonstrated in the more differentiated cells. 
However, in poorly differentiated tumours the cells were positive for EGF 
and TGF-alpha. Chapter 5 descn*bes inununohistochemical and quantitative 
changes of salivary EGF, amylase and haptocorrin following radiotherapy 
for oral cancer. This study was initiated because irradiated oral and 
laryngeal mucosa have demonstrated staining for the receptor in the basal 
cell layer as well as in the spinous cells, indicating an upregulation of the 
receptor in response to lack of EGF, In nonnal biopsies from the glandula 
submandibularfs;^4:glapdu]a parotis, EGF and amylase were 
demonstrated in^e.^bas acini, whereas haptoc 
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Transforming growth factor-alpha (TGF-alpha) and 
epidermal growth factor-receptor (EGF-R) immunoreactivity 
in normal and patholog;ic brain* 



Ferrer I, Alcantara S/Bal)abriga J, Olive M, Blanco R, Rivera R, 
Carmona My Bernie2o M, Piurch S, Planas AM. 

Unitat de Neuropatologia, Hospital Princeps d'Espanya, Universitat de 
Barcelona, Spain. 

Transforming growth factor alpha (TGF-alpha) arid epidennal growth 
factor-recqjtor (EGF-R) Immunoreactivity is observed in the majority of 
neurons, and in maturing astrocytes, in the developing and adult brain of 
humans and diffCTgnt species of animals. TGF-alpha and EGF-R co- 
localize in most neurorts: and maturing astrocytes, suggesting that most 
TGF-alpharproduGingxais are EGF-R-expressing cells. TGF-alpha and 
EGF-R immunoreactivity decrease in damaged areas following different 
insults. However, EGF-R appears in reactive glia, mostly reactive 
astrocytes, within and surrounding the damaged areas. TGF-alpha and 
EGF-R immunoreactivity is found in neurons of patients affected by 
Alzheimer's disease and other forms of dementia, and in neurons of patients 
suffering from epilepsy owing to different causes, thus pointing to the 
conclusion that TGF-alpha does not play a significant role in these 
pathologies. However, EGF-R immunoreactivity occurs in reactive 
astrocytes and microglia in subacute but not chronic lesions in human 
cases. Since TQ5*.;^pl>a^^' a membra growth factor, which may 

be cleaved leading J^9,&^ formation of soluble foncns, and both the 
membrane-anchored and soluble forms haye the capacity to activate the 
EGF-R, it is feasible that TGF-alpha in the nervous system may act upon 
EGF-R-containing neurons through different mechanisms. In addition to 
distant effects resulting from the release of soluble TGF-alpha, local effects 
may be produced by establishing direct cell-to-cell contacts O'uxtacrinc 
stimulation), or in cells expressing both TGF-alpha and EGF-R (autocrine 
stimulation). 
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Monoclonal Antibody 806 Inhibits the Growth of Tumor Xenografts Expressing 
Either the de2-7 or Amplified Epidermal Growth Factor Receptor (EGFR) 
but not Wild-Type EGFR 

Rodney B. Luwor, Terrance G. Johns,' Carmel Murone, H-J. Su Huang, Webster K. Cavenee, Gerd Ritter 
Lloyd J. Old, Antony W. Burgess, and Andrew M. Scott ' 
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Abstract 

The monoclonal antibody (mAb) 806 was raised against the delta2-7 
epidermal growth factor receptor (de2-7 EGFR or ECFRvIU), a trun- 
cated version of the EGFR commonly expressed In glioma. Unexpectedly, 
mAb 806 also bound the EGFR expressed by celb exhibiting aropUficatlon 
of the EGFR gene but not to cells or normal tissue expressing the wild-type 
receptor lo the absence of gene ampIiHcation. The unique specificity of 
mAb 806 offers an advanUge over current EGFR antibodies, which all 
display signincant binding to the liver and skin In humans. Therefore, we 
examined the antitumor activity of mAb 806 against homaj) tumor xe- 
nografts grown in nude mice. The growth of U87 MG zenografls, a glioma 
ceD line that eodogcnously expresses -10* EGFRs in the absence of gene 
ampliflcation, was not inhibited by mAb 806. In contrast. mAb 806 
significantly Inhibited the growth of U87 MG xenografts transfected with 
the de2-7 EGFR in a dose-dependent manner using both preventative and 
established tumor modeb. Significantly, U87 MG cdb transfected with 
the wad-type EGFR, which Increased expression to -ID* EGFRs/cell and 
mimics the situation of gene amplification, were also inhibited by mAb 806 
when grown as leoografts in nude mice. Xenografts treated with mAb 806 
aO displayed large areas of necrosis that were absent in control tumors. 
This reduced lenograft viability was not mediated by receptor down- 
reguhtion or clonal selection because levels of antigen expression were 
simDar in control and treated groups. The antitumor effect of mAb 806 
was not restricted to U87 MG cells because the antibody bihibited the 
growth of new and established A431 xenografts, a ceO line expressing 
>I0* EGFRs/celL Tfab study demonstrates that mAb 806 possesses sig- 
nificant antitumor activity. 

Introduction 

Over djc past two decades, mAbs* have attracted ccmsideiable 
interest as potential agents for die treatment of human cancer (1, 2). A 
number of diese mAbs have been directed to the EGFR, which given 
its increased expression on the cell surface of many human tumors is 
a candidate for antibody dterapy. Overexpression of the EGFR has 
been observed in tumors of the breast, lung, colon, prostate, kidney, 
bladder, head and neck, ovary, and brain (3, 4), with increased EGFR 
expression levels often conelating with a poorer clinical prognosis (5, 
6). Overe;q)ression of the EGFR can be associated widi EGFR gene 
amplification, particularly in glioma and head and neck cancer. 
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Some of the current EGFR-specific mAbs arc capable of inhibiting 
the III vitro and in vivo growth of epithelial tumor cells overexpressing 
the EGFR by blocking ligand binding (7-10). Although several EGFR 
mAbs have been evaluated for twnor-specific targeting and pharma- 
cokinetics in clinical trials (1 1, 12), their use is restricted by ^)ecific 
uptake in organs that have high endogenous levels of EGFR, such as 
the liver and skin (1 1, 13). For example, it would not be possible to 
conjugate such antibodies to cytotoxic agents for the purposes of 
therapy because this would almost certainly cause significant collat- 
eral damage to nonnaJ tissue. 

EGFR gene amplification in glioma is often accompanied by gene 
rearrangement, resulting in deletions of the coding region (14). The 
most common variant, the de2-7 EGFR, is characterized by an in- 
fi^e deletion of 801 bp spanning exons 2-7 of the coding sequence 
(15). This truncation removes 267 amino acids from the extracellular 
domain, producing a unique junctional pq)tide, and renders the EGFR 
unable to bind any known ligand (4). Despite this, the tnmcatioD 
appears to partially mimic the effect of ligand binding because the 
recq>tor displays low levels of constitutive activation (16). Further- 
more, glioma and breast cells transfected with die dc2-7 EGFR have 
enhanced tumorigenicity when grown as xenografts in nude mice (16, 
17). Apart from glioma, the de2--7 EGFR has been identified in breast, , 
non-small cell lung, ovarian, and prostate cancer (3, 18, 19) but has 
not been found in normal tissue (20). Therefore, targeting this tumor- 
specific antigen may pemut broader therapeutic strategies than is 
possible using wt EGFR-based immunothcFa^ttc strategies. Indeed, 
several mAbs specific for the unique junctional peptide found in the 
de2-7 EGFR have been described (20-22). 

The de2-7 EGFR specific mAb 806 was produced after immuni- 
zation of mice with NR6 mouse fibroblasts expressing Uie truncated 
de2-7 EGFR. mAb 806 binds the U87 MG glioma cell line transfected 
with the de2~7 EGFR but not the parental U87 MG cell line, which 
expresses the wt EGFR without gene amplification.* Similar results 
were observed in vivo with mAb 806 showing specific targeting of 
de2-7 EGFR expressing U87 MG xenografts but not parental U87 
MG tumors.' Interestingly, mAb 806 was capable of binding an 
EGFR subset (-10%) on the surface of the A431 cell line, which 
contains an amplified EGFR gene. Therefore, unlike all other de2-7 
EGFR-specific antibodies, which recognize die unique peptide junc- 
tion that is generated by the de2-7 EGFR truncation, mAb 806 binds 
to an epitope also found in overexpressed wt EGFR However, it 
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would appear that this epitope is preferentially exposed in the de2-7 
EGFR and a small proportion of receptors expressed in cells contain- 
ing wt EGFR gene amplification. Importantly, normal tissues that 
expresses high levels of endogenous wt EFGR, such as liver and skin, 
are negative for mAb 806 binding. On the basis of the unique property 
of the mAb 806 to bind both the de2-7 and amplified wt EGFR but 
not the native wt EGFR when expressed at normal levels, wc decided 
to examine the efficacy of mAb 806 against several tumor cell lines 
grown as xenografls in nude mice. 

Materials and Methods 

Cell Lines and Monoclonal Antibodies. The human glioblastoma cell line 
U87 MG. which endogcnously expresses the wt EGFR. and the tnmsfecicd cell 
lines U87 MG.A2-7 and U87 MG.wtEGFR. which express the de2-7 EGFR 
and overtxpress the wt EGFR, respectively, have been described previously 
(16, 23). The cpidemioid carcinoma cell line A43I has been described previ- 
ously (24). 

Ail cell lines were maintained in DMEM (DMEM/F12; Life Technologies, 
Inc., Grand Island, NY) containing 10% FCS (CSL, Melbourne, Victoria,' 
Australia). 2 dim glutaminc (Sigma Chemical Co., Si. Louis. MO), and peni- 
cillin/streptomycin (Life Technologies. Inc., Grand Island, W). In addition, 
the U87 MG.A2-7 and U87 MG.wtEGFR cell lines were maintained in 400 
ixg^ml of gencticin (Life Technologies. Inc., Melbourne, Victoria, Australia). 
Ceil lines were grown at 37*C in a humidified atmosphere of 5% COj. 

The mAb 806 (lgG2b) was produced after immunization of mice with NR6 
mouse fibroblasts expressing the dc2-7 EGFR- mAb 806 was selected after 
rosette assays showed binding to NR6 cells, which overexpressed the dc2-7 
EGFR (tiler of 1:2500). mAb 528, which recognizes both de2-7 and wt EGFR, 
has been described previously (10) and was produced in the Biological Pro- 
duction Facility (Ludwig Instimte for Cancer Researeh, Melbourne, Victoria, 
Australia) using a hybridoma obtained from American Type Culture Collection 
• (Rockvillc, MD). The DH83 mAb, which is specific for the dc2-7 EGFR, was 
kindly provided by Prof William Gullick (University of Kent and Canicibury. 
Kent, United Kingdom) (19). The polyclonal antibody sc-03 directed to the 
COOH-tenninal domain of the EGFR was purchased from Santa Cniz Bio- 
technology (SanU Cruz Biotechnology. Santa Cniz, CA). 

FACS Analysis of Receptor Expression. Cultured parental and trans- 
fcctcd U87 MG cell lines were analyzed for wt and de2-7 EGFR expression 
using the 528, 806, and DH8 J antibodies. Cells (I X 10^ were incubated with 
5 Mg^ml of the appropriate antibody or an iso^-matched negative control in 
PBS containing 1% HSA for 30 min at 4«C. After three washes with PBS/1% 
HSA, cells were incubated an additional 30 min at 4»C with FfrC-coupted goat 
aniimouse antibody ( I ;I00 dihition; Cilbiochcm. San Diego, CA). After three 
subsequent crashes, cells were analyzed on an Epics Elite ESP (Becbnan 
Coulter. Hialeah, FL) by observing a minimum of 20,000 events and analyzed 
using EXPO (vcRion 2) for Windows. 

Scatchard Analysis. The mAb 806 was labeled with "'I (Amrad, Mel> 
bourne, Victoria, Australia) by the Chloramine T method. All binding assays 
were perfonned in i% HSA/PBS on 1-2 X 10* live U87 MG.A2-7 or A43I 
cells for 90 mb at 4*t: with gentle rotation. A set concentration of 10 ng^ml 
'"Mabeled mAb 806 was used in the presence of incieastng concentrations of 
unlabeled antibody. Nonspecific binding was determined in die presence of 
lO.OOO-fold excess of unlabeled antibody. After tneubatioii, cells were washed 
and counted for bound "'Mabeled mAb 806 using a (X)BRA II gamma 
counter (PackanI Instrument Company, Meriden, CT). Scatchard analysis was 
done after conection for immunoreactivity. 

Immunoprecipitation Studies. Cells were labeled for 16 h with 100 
MCi/ml of Tran'^S-Label (ICN Biomedicals, Irvine, CA) in DMEM without 
methiomne/cystcine supplemented with 5% dialyzcd FCS. After washing with 
PBS, cells were placed in lysis buffer (1% Triton X-lOO, 30 mM HEPES. 150 
mM NaCI, 500 fiM 4-(2-aminocthyl) benzencsulfonylfluoridc, 150 nM aproti- 
nin, 1 ^ E-64 protease inhibitor, 0.5 mM EDTA, and 1 /iM Icupcptin, pH 7.4) 
for I h at 4^. Lysates were clarified by centrifugaiion for 10 min at 12, 
000 X g and then incubated with 5 MS of appropriate antibody for 30 nrin at 
4^ before the addition of protein A-Sepharose. Immunoprecipitatcs were 
washed three dmes with lysis buffer, nrixcd with SDS sample buffer, separated 
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by gel electrophoresis using a 7.5% gel that was ihcn dried, and exposed to 
X-ray film. 

Xenograft Models. Consistent with previous reports (23, 25), U87 MG 
cells transfecied with dc2-7 EGFR grew more rapidly then parental cells and 
U87 MG cells U^sfccled with the wt EGFR. Tumor cells (3 X I0*) in 100 ^1 
of PBS were inoculated s.c. into both flanks of 4-6-weck-old, female nude 
mice (Animal Research Center, Western Australia, Perth, Australia). Thera- 
peutic efficacy of mAb 806 was investigated in both preventative and estab- 
lished njmor models. In the preventative model, five mice with tv^o xenograft 
each were treated i.p. with either 0.1 or I mg of mAb 806 or vehicle (PBS) 
starting the day before tumor cell inoculation. Treatment was continued for a 
total of six doses, three times per week for 2 weeks. In the established model, 
treatment was started when tumors had reached a mean volume of 65 mm^' 
(U87 MC-A2-7), 84 mm^ (U87 MG), 73 mm* (U87 MG.wtEGFR), or 201 
mm* (A43 1 tumors). Tumor volume in mm* was determined using the formula 
(length X wdih^)^. where length was the longest axis and width the meas- 
urement at right angles to the length (26). Data were expressed as mean nmior 
volume t. SE for each treatment group. This research project was approved by 
the Animal Ethics Committee of the Austin and Repatriation Medical Centre. 

Histological Examination of Tumor Xenografts. Xenografts were ex- 
cised at the times indicated and bisected. One half was fixed in 10% formalin/ 
PBS before being embedded in parafTm. Four-^m sections were then cut and 
stained with H&E for routine histological examination. The other half was 
embedded in Tissue Tek OCT compound (Sakura Finetek. Tonancc, CA). 
frozen in liquid nitrogen, and stored at -80*C. Thin (5-^) cryostat sections 
were cut and 6xed in ice-cold acetone for 10 min, followed by air drying for 
an additional 10 min. Sections were blocked in protein blocking reagent 
(Lipshaw Immunon, Pittsburgh, PA) for 10 min and then incubated with 
biotinylaicd primaiy antibody (I Mg^ml) for 30 min at room temperature. All 
antibodies were biorinylaied using the ECL protein biotinylation module 
(Amcrsham, Baulkham Hills, NSW, Australia), as per the manufacmrcr's 
instmctions. After rinsing with PBS, sccrions were incubated with a strepta- 
vidin-horseradish peroxidase complex for an additional 30 min (Sitenus, Mel- 
bourne, Victoria, Australia). After a final PBS wash, the sections were exposed 
to 3'amino-9-ethyIcarbazolc subsnate [0.1 M acetic acid, 0. 1 m sodium acetate, 
0.02 M 3^no-9-ethylcarba2ole (Sigma Chemical Co., St. Louis, MO)J in the 
presence of hydrogen peroxide for 30 min. Sections were rinsed with water and 
countcrstained with hematoxylin for 5 min and mounted. 

Statlstfcal Analysis. The in vivo tumor measurements in nun* are ex- 
pressed as the mean :t SE Differences between treatment groups at given time 
points were tested for statistical significance using Student*s r test. 

Results 

Binding of Antibodies to Cell Lines. To determine the specificity 
of mAb 806, its binding to U87 MG, U87 MG.A2-7, and U87 
MG.wtEGFR cells was analyzed by FACS. An irrelevant lgG2b 
(mAb 100-310 directed to the human antigen A33) was inchided as 
an isotype contxol for mAb 806, and the 528 antibody was included 
bccatisc it recognizes both the de2-7 and wt EGFR. OnJy the 528 
antibody was able to stain the parental U87 MG cell line (Fig. 1), 
consistent with previotis reports demonstrating that these cells express 
the wt EGFR (16). mAb 806 had binding levels similar to the control 
antibody, clearly demonstrating that it is unable to bind the wt EGFR 
(Fig. I). Binding of the isotype control antibody to the U87 MG.A2-7 
and U87 MG.wtEGFR cell lines was similar to that observed for the 
U87 MG cells. mAb 806 stained U87 MG.A2-7 and U87 MG. 
wtEGFR cells, indicating that mAb 806 specifically recognized the 
de2-7 EGFR and a subset of the overexpressed EGFR (Fig. 1). As 
expected, the 528 anubody stained both the U87 MG.A2-'7 and U87 
MG.wtEGFR cell lines (Fig. 1). The intensity of 528 antibody staining 
on U87 MG.wtEGFR cells was much higher than mAb 806, suggest- 
ing that mAb 806 only recognizes a portion of the overexpressed 
EGFR. The mAb 806 reactivity observed with U87 MG.wtEGFR cells 
is similar to that obtained with A431 cells, another cell line that 
overexpresses the wt EGFR.' 
A Scatchard analysis was performed using U87 MG.A2-7 and 
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Fig. I. Flow cytometric analysis of parenTBl and tnimfccted US7 MG glioma cdl lines. 
Cells woe stained with etdier an invlcvanl ]gC2b antibody {open histograms) or the 525 
antibody or mAb 806 (fiUed Mitogrwtu) as indicated. 



A43 ] cells to determine the relative affinity and binding sites for mAb 
806 on each cell line. mAb 806 had an affinity for the de2-7 EGFR 
receptor of 1.1 X 10* m"' and recognized an average (three separate 
experiments) of 2.4 X lO' binding sites/cell. In contrast, the affinity 
of mAb 806 for the wt EGFR on A431 cells was only 9.5 X 10' m" K 
Interestingly, mAb 806 recognized 2.3 X 10* binding sites on the 
smfece of A431, which is some 10-fold lower than die reported 
number of EGFR found in these cells. To confirm the number of 
EGFR on the sur&ce of our A43I cells, we performed a Scatchard 
analysis using '^^l-labcled 528 antibody. As expected, this antibody 
bound to approximately 2 X 10* sites on Ae surface of A431 cells. 
Thus, it appears that mAb 806 only binds a portion of the EGFR 
receptors on the surface of A43I cells. Importantly, '^Mabeled mAb 
806 did not bind Jp the parental U87 MG cells at all, even when the 
number of cells was increased to 1 X 10'. 

Immuoopreclpltations. We fiirther characterized mAb 806 reac- 
tivity in the various cell lines by immunoprecipitation after '*S- 
labeling using mAb 806, sc-03 (a commerdal polyclonal antibody 
specific for the COOH-terminal domain of the EGFR) and a IgG2b 
isotype control. The sc-03 antibody immunoprecipitated three bands 
from U87 MG.A2-7 cells, a doublet corresponding to the two de2-7 
EGFR bands observed in these cells and a higher molecular weight 
band corresponding to the wt EGFR (Fig. 2). In contrast, although 
mAb 806 inununopredpitatcd the two dc2~7 EGFR bands, the wt 
EGFR was completely absent (Fig. 2). The pattern seen in U87 
MG.wtEGFR and A431 cells was essentially identical. The sc-03 
antibody immunc^recipitated a single band corresponding to the wt 
EGFR from both cell lines (Fig. 2). The mAb 806 also immunopre- 
cipitated a sinjgle band corre^nding to the wt EGFR from both U87 
MG.wtEGFR and A431 cells (Fig. 2). Consistent with the FACS and 
Scatchard data, the amount of EGFR immunopredpitaied by mAb 806 
was substantially less than the total EGFR present on the cell surface. 
Given that mAb 806 and die sc-03 immunoprecipitated similar 
amounts of the de2-7 EGFR, this result supports the notion that the 
mAb 806 antibody only recognizes a portion of the EGFR in cells 
overexpressing the receptor. Conq)arisons between mAb 806 and die 
528 antibody showed an identical pattern of reactivity (data not 
shown). An irrelevant IgG2b (an isotype control for mAb 806) did not 
immunoprecipitate EGFR from any of the cell lines (Fig. 2). Using 
identical conditions, mAb 806 <fid not immunoprecipitate the EGFR 
from die parental U87 MG cells (data not shown). 

Efficacy of mAb 806 in Preventative Models. mAb 806 was 
examined for efficacy against U87 MG and U87 MG.A2-7 nimors in 



a preventative xenograft model. Antibody or vehicle was administered 
i.p. the day before tumor inoculation and was given three times per 
week for 2 weeks (see "Materials and Methods"). At a dose of I 
mg/injection, mAb 806 had no effect on the growth of parental U87 
MG xenografts that express the wt EGFR (Fig. Uy In contrast, mAb 
806 inhibited significantly the growth of U87 MG,A2-7 xcnografU in 
a dose-dependent manner (Fig. 3B). Twenty days after tumor inocu- 
lation, when control animals were sacrificed, the mean tumor volume 
was 1600 ± 180 mm' for the control group, a significantly smaller 
500 ± 95 mm' for the 0.1 mg/injection group (P < O.OOOl) and 
200 ± 42 mm' for the I mg/injection group {P < 0.0001). TreaUnent 
groups were sacrificed at day 24, at which time the mean mmor 
volumes were 1300 ± 240 mm' for the O.l mg treated group and 
500 ± 100 mm' for the I mg group {P < 0.005). 

Efficacy of mAb 806 in Established Xenograft Models. Given 
the efficacy of mAb 806 in the preventative xenograft model, its 
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fig. 2. hmnwtopnxtpitation of EGFR firnn cdl Una. The EGFR was mnmmopre- 
cipittted from ^*S.hibcla! U87 MG.wtEGFR. U87 MG. A2-7. and A43t ccUi with mAb 
806 {80^ sc-03 anttbody (c-iem), or a IgGZb isoiype control (con) as described in 
Matenals and Methods.** .^Invii^. position of the de2-7 and wi EGFR. Identical banding 
panems woe ofccained in three independent experiments. 
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Fig. 3. AnHtunwr effect of mAb 806 on U87 MG (A) and U87 MGu\2-7 {B) xenograft 
growth rates in a pieventative model. U87 MG or U87 MaA2-7 cells (3X10*) were 
injected s.c. into both Hanks of 4-6.weck-old BALB/c nude mice (/i » 5) at day 0, Mice 
were injected Ip. witfi either I mg of mAb 806 (•), ai mg of mAb 806 (AX or vehictc 
(Q) starting I day prior to tumor cell inoculatioa. Injections of mAb 806 were given three 
tinwAweek for 2 weeks (arrow). Data are expressed as mean tumor volume; ban, SE 
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Fig. 4. Antitumor effect of mAb 806 on U87 MG {A), U87 (a), and U87 

MO.wtEGFR (Q xenografts m an established modcL U87 MG. U87 MG.A2-7. or U87 
MawtEGFR cclU (3 X 1 0*) were injected 5.c into both nudes of 4-.6-wedtHold BAtB/c 
nude mice (i» « 5). Mice were injected i.p. with either l-mg doses of mAb 806 (•), 
O.l-mg doses of mAb 806 (AX or vehidc (O) staiting when tumon had reached a mean 
turoor vohxrae of 65-84 nun'. Injections were given three rimes^vcek for 2 weeks 
{arrvws). Data are expressed as mean tumor vohune; bars, SE 



ability to inhibit the growth of established tumor xenografts was 
examined Antibody treatment was as described in the preventative 
model, except that it commenced when tumors had reached a mean 
tumor volume of 65 mm' (10 days after implantaUon) for the U87 
MG.A2~7 xenografts and 84 mm' (19 days after implantation) for the 
parental U87 MG xenografts. Once again, mAb 806 had no effect on 
the growth of parentol U87 MG xenografts, even at a dose of I 
mg/injection (Fig. 4A), In contrast, mAb 806 significantly inhibited 
the growdi of U87 MG.A2-7 xenografts in a dose-dependent manner 
(Fig. 4B). At day 17, 1 day before control animals were sacrificed, the 
mean tumor volume was 900 i 200 mm^ for the control group, 
400 ± 60 mm* for the 0.1 mg/injection group (P < 0.01), and 
220 2: 60 mm' for the I mg/injection group (P < 0.002). Treatment 
of U87 MC.A2-7 xenografts with an IgG2b isotype control had no 
effect on tumor growth (data not shown). 

To examine whether the growth inhibition observed with mAb 806 
was restricted to cells expressing de2-7 EGFR, its efficacy against the 
U87 MG.wtECFR xenografts was also examined in an established 



model. These cells serve as a model for tumors containing amplifi- 
cation of the £CfR gene without de2-7 EGFR expression. mAb 806 
treatment commenced when tumors had reached a mean tumor vol- 
ume of 73 mm^ (22 days after implantation). mAb 806 significantly 
inhibited the growth of established U87 MG.wtECFR xenografts 
when compared with control tumors treated with vehicle (Fig. 4C). On 
the day control animals were sacrificed, the mean tumor volume was 
1000 ± 300 mm' for the control group and 500 ± 80 mm' for the 
group treated with I mg/injection {P < 0.04). 

Histological and Immunohtstochemical Analysis of Established 
Tumors. To evaluate potential histological differences between mAb 
806-treatcd and control U87 MG.A2-7 and U87 MG.wiEGFR xe- 
nografts, formalin-fixed, paraffin-embedded sections were stained 
with H&E (Fig. 5). Areas of necrosis were seen in sections from mAb 
806-treated U87 MG.A2-7 (mAb 806.treated xenografts were col- 
lected 24 days after tumor inocuIaUon and vehicle treated xenografts 
at 18 days), and U87 MG.wtECFR xenografts (mAb 806 xenografts 
were collected 42 days after tumor inoculation and vehicle treated 
xenografts at 37 days; Fig. 5). This result was consistently observed in 
a number of tumor xenografts (n = 4 for each cell line). However, 
sections ftom U87 MG.A2-7 and U87 MG.wtEGFR xenografts 
treated with vehicle (n = 5) did not display the same areas of necrosis 
seen after mAb 806 treatment (Fig. 5). Vehicle and mAb 806-trcated 
xenografts removed at identical times also showed these diffeiences in 
tumor necrosis (data not shown). Thus, the increase in necrosis 
observed was not caused by the longer growth periods used for the 
mAb 806-treated xenografts. Furthermore, sections from mAb 806- 
treated U87 MG xenografts were also stained vwth H&E and did not 
reveal any areas of necrosis (data not shown), ftiither supporting die 
hypothesis that mAb 806 binding induces decreased cell viability, 
resulting in increased necrosis v^athin tumor xenografts. 

An immunohistochemical analysis of U87 MG, U87 MG.A2-7. and 
U87 MG.wtEGFR xenograft sections was performed to determine the 
levels of de2-7 and wt EGFR expression after mAb 806 tiratment 
(Fig. 6). As expected, the 528 antibody stained all xenografts sections 
with no obvious decrease in intensity between treated and control 
tumors (Fig. 6). Staining of U87 MG sections was undetectable with 
the mAb 806; however, posiUve staining of U87 MG. A2-7 and U87 
MG.wtEGFR xenograft sections was observed (Fig. 6). There was no 
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Fig. 5. Representative H&E-stained paramn sections of U87 MG.A2-7 and U87 
MCwtEGFR xenografts^ U87 MC.A2-7 (collected 24 dayi after tumor inoculation) and 
U87 MG.wtEGFR (collected 42 days after tumor inoculation) xenografts %rere cxdscd 
ftom mice treated as described in Ttg. 4 and stained with H&E. Vehicle-treated U87 
MG.A2-7 (collected 18 days after tumor inoculation) and U87 MG.wtEGFR (collected 37 
days after tumor inoculation) xenografts showed very few areas of ncciosb (fefi panel). 
whereas extensive neciosU (omwr) was observed in twth U87 MG.A2-7 and U87 
MG.wtEGFR xenognfts treated with mAb 806 {nght panel). 



Fig, 6. Immunohistochcmial analysis of ECFR 
expression in frozen sections derived from U87 
MG. U87 ind U87 MO.wtEGFR xe- 

nografts. Sections were collected at the time points 
described in Fig. 5. Xenograft sections were immu- 
nostaincd with the 528 antibody {f^ panel) and 
mAb 806 {right panel). No decreased immimorc* 
activity to either wt ECFR, ampliiled EGFR, or 
dc2-7 EGFR was observed in xenografts treated 
with mAb 806. Consistent with the in vitro data, 
paicnial U87 MG xenografts were positive for 528 
iniibody but were negative for mAb 806 staining. 
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difference in mAb 806 staining intensity between control and treated 
U87 MG^2-7 and U87 MG.wtEGFR xcnograns. suggesting that 
antibody treatment does not lead to the selection of clonal variants 
lacking mAb 806 reactivity. 

Treatment of A431 Xenografts with mAb 806w To demonstrate 
that the antitumor effects of mAb 806 were not restricted to U87 MG 
cells, the antibody was administrated to mice containing A431 xe- 
nografts. These cells contain an amplified EGFR gene and express 
approximately 2 X 10^ receptors/cells. We have previously shown 
that mAb 806 binds —10% of these EGFRs and targets A431 xe- 
nografts.' mAb 806 significantly inhibited the growth of A431 xe- 
nografts w^en examined in the preventative xenograft model de- 
scribed previously (Fig. lA), At day 13, when control animals were 
sacrifioedt the mean tumor volume was 1400 ± 150 mm^ in the 
vehicle-treated group and 260 ± 60 mm' for the 1 m^njection 
treatment group (P < 0.0001). In a separate experiment, a dose of 0.1 
mg of mAb also inhibited significantly {P < 0.05) the growth of A43 1 
xenografb in a preventative model (data not shown). 

Given the efficacy of mAb 806 in the preventative A43I xenograft 
model, its ability to inhibit the growth of established tumor xenografts 
was examined. Antibody treatment was as described in the prevent- 
ative model, except it was not started until tumors had reached a mean 
tumor vohmie of 200 ± 20 ram^ mAb 806 significantly inhibited the 
growth of established A431 xenografb (Fig. 7^). At day 13. the day 
control animals were sacrificed, the mean tumor volume was 
1100 ± 100 mm* for the control groiq) and 450 ± 70 mm' forthe 1 
ffig^injection group {P < 0.0001). 

Discussion 

Many epithelial cancers display increased levels of EGFR expres- 
sion on the cell surface, and numerous experiments with EGFR mAbs 
have shown that they inhibit tumor cell growth both in vitro and in 
vivo (7, 9, 10, 27). Furthermore, clinical studies using EGFR mAbs in 
paHents widi head and neck cancer (28), squamous cell hmg cancer 
(12), gliomas (29), and malignant astrocytomas (30) have all been 
conducted. However, the clinical use of these antibodies is compli- 
cated by liver uptake, as reported in a Phase 1 clinical trial (12). 

An alternative and more specific target for antibody therapy is the 
tumor-specific de2-7 EGFR. which unlike the wt EGFR, is absent in 



normal tissue (4, 14). A number of mAbs have been raised to the 
unique junctional peptide found in the dc2--7 EGFR; these mAbs do 
not recognize the wt receptor (20-22) and specifically target de2-7 
EGFR-positive xenografts grown in nude mice (31, 32). The use of 
these antibodies should not be complicated by uptake in nonnaj 
tissues, such as liver and skin. However, with the exception of 
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Antitunwr cfTcct of mAb 806 on A43I xenografts in prtvcntafive {A) and 
established {B) modeb. A43I celU (3 X 10*) weie injected s.c. into both flanks of 
4-6'Week-old BALB/c nude mice (n = 5). Mice were injcaed tp. with either I -mg doses 
of mAb 806 (•) or vehicle (O). starting I day prior to tumor cell inoculation in the 
preventative model, or when itanon bad reached a mean tumor volume of 200 mm'. 
Injections were given three times/week for 2 weeks {anvxvs). Data are expressed as mean 
tumor volume: ban, SE. 
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gliomas, only a small percentage of most carcinomas express the 
de2-7 EGFR, apparently restricting the use of such antibodies. We 
have shown previously^ that mAb 806 targets both de2~7 EGFR- 
transfected U87 MG xenografts and A43I xenografts that overexpress 
the wt EGFR. mAb 806 did not target parental U87 MG cells, which 
express - 10^ EGFR' (16). As assessed by FACS, immunohistochcnf*- 
istry, and immunoprecipitation, we now demonstrate that mAb 806 is 
also able to specifically bind U87 MG.wtEGFR cells, which express 
>I0* EGFRs/cell. Thus, the previous observed binding of mAb 806 
to A431 cells is not the result of some unusual property of these cells 
but rather appears to be a more general phenomenon related to 
overexpression of the wt EGFR. 

Our data cannot completely exclude the possibility that mAb 806 
binds to the wt EGFR with low affinity; however, for several reasons 
we favor die hypothesis that mAb 806 recognizes a subset of receptors 
in cells overexpressing the receptor 

(a) We were unable to detect mAb 806 binding to (he parental U87 
MG cell line, which expresses I X 10* wt EGFRs/cell (16), either by 
FACS, immunoprecipitation, immunohistocheinistry, or with iodi- 
nated antibody. Indeed, iodinated mAb 806 did not bind to U87 MG 
cell pellets containing 1 X 10' cells, which based on the Scatchard 
<lata using 1 X 10* A431 cells, are conditions that should detect low 
level antibody binding (i.c.. the total number of receptors being 
similar in both cases). 

(b) Scatchard analysis clearly showed that mAb 806 only bound to 
10% of the total EGFR on the surface of A431 cells. If mAb 806 
simply binds to the wt EGFR with low affinity, then it should have 
bound to a considerably higher percentage of the receptor. 

(c) Comparative tmmunoprectpitatioa of the A43I and U87 MG. 
wtEGFR cell lines with noAb 806 and the sc-03 antibody also sup- 
ported the hypothesis that only a subset of receptors are recognized by 
mAb 806. Taken together, these results support the notion that mAb 
806 recognizes a EGFR subset on the surface of cells overexpressing 
the EGFR. We are currently analyzing the EGFR immunoprecipitated 
by mAb 806 to see if it di^lays altered biochemical properties related 
to glycosylation or kinase activity. 

The xenograft studies with mAb 806 described here demonstrate 
dose^ependent inhibition of U87 MG.A2-7 xenograft growth. In 
contrast, no inhibition of parental US7 MG xenografts was observed, 
despite the fact that they continue to express the wt EGFR in vivo, 
mAb 806 not only significantly reduced xenograft volume, it also 
induced significant necrosis within the tumor. As noted above, other 
de2-7 EGFR-specific mAbs have been generated (20-22), but this is 
the first report showing the successful therapeudc use of such an 
antibody in vivo against a human de2-7 EGFR-expressing glioma 
xenograft. A recent report demonstrated that the de2-7 EGFR-speclfic 
YIO mAb had in vivo antitumor activity against murine BI6 mda- 
noma cells transfected with a murine homologue of the human de2-7 
EGFR (33). YIO mediated in vitro cell lysis (>90%) of B16 mela- 
noma cells expressing the de2-7 EGFR In the absence of complement 
or effector cells. In contrast to their in vitro observations, the in vivo 
YIO antibody efficacy was completely mediated through Fc function 
when using B16 melanoma cells grown as xenografts in an immuno* 
competent model. Thus, the direct effects observed in vitro do not 
seem to be replicated when cells are grown as tumor xenografts. 

Overexpression of the EGFR has been reported in a number of 
different tumors and is observed in most gliomas (4, 14). It has been 
proposed that the subsequent EGFR overexpression mediated by 
receptor gene amplification may confer a growth advantage by in- 
creasing intracellular signaling and cell growth (34). The U87 MG cell 
line was transfected with the wt EGFR to produce a glioma cell that 
mimics the process of EGFR gene amplificatioa Treatment of estab- 
lished U87 MG.wtEGFR xenografts with mAb 806 resulted in sig- 



nificant growth inhibition. Thus, mAb 806 also mediates in vivo 
antitumor activity against cells overexpressing the EGFR. Interest- 
ingly, mAb 806 inhibition of U87 MG.wtEGFR xenografts was less 
pronounced than that observed with U87 MG.A2-7 tumors. This 
probably reflects the fact that mAb 806 has a lower affinity for the 
oveiexpressed wt EGFR and only binds a small proportion of recep- 
tors expressed on the cell surface.' However, it should be noted that 
despite the small effect on U87 MG.wtEGFR xenograft volumes, 
mAb 806 treatment produced large areas of necrosis within these 
xenografts. To exclude the possibility that mAb 806 only mediates 
inhibition of the U87 MG-derived cell lines, we tested its efficacy 
against A43I xenografts. This squamous cell carcinoma-derived cell 
line contains significant EGFR gene amplification, which is retained 
both in vitro and in vivo. Treatment of A43 1 xenografts with mAb 806 
produced significant growth inhibition in both a preventative and 
established model, indicating the antitumor effectis of mAb 806 are not 
restricted to transfected U87 MG cell lines. 

Complete prevention of A43I xenograft growth by antibody treat- 
ment has been reported previously. The wi EGFR mAbs 528, 225, and 
425 all prevented the formation of A431 xenografts when adminis- 
tered either on the day or I day after tumor inoculation (9. 10). The 
reason for this difference in efificacy between these wt EGFR anti- 
bodies and mAb 806 is not known but may be related to the mecha- 
nism of cell growth inhibition. The wt EGFR antibodies fimction by 
bloddng ligand binding to the EGFR, but diis is probably not the case 
with mAb 806 because it only binds a small EGFR subset on the 
surface of A43I cells. The significant efficacy of mAb 806 against 
U87 MG cells expressing the ligand-independent dc2-7 EGFR fimher 
supports the notion that this antibody mediates its antitumor activity 
by a mechanism not involving ligand blockade. Therefore, we are 
currently investigatiiig the nonimmunological and immunological 
mechanisms that contribute to the antitumor effects of mAb 806. 
Nonimmunological mechanisms may include subtle changes in re- 
ceptor levels, blockade of signaling, or induction of inappropriate 
signaling. 

Previously, agents such as doxorubicin and dsplattn in conjunction 
with wt EGFR antibodies have produced enhanced antitumor activity 
(35, 36). The combination of doxorubicin and mAb 528 resulted in 
total eradication of established A431 xenografts, whereas treatment 
with either agent alone caused only temporary in vivo growth inhibi- 
tion (36). Likewise, the combination of cisplatin and either mAb 528 
or 225 also led to the eradication of well-established A43 1 xenografts, 
which was not observed when treatment with either agent was used 
(35). Thus, future studies involving the combination of chemothera- 
peutic agents with mAb 806 are planned using xenograft models. 

Maybe the most important advantage of mAb 806 compared with 
current EGFR antibodies is that it should be possible to directly 
conjugate cytotoxic agents to mAb 806. This approach is not feasible 
with current EGFR-specific antibodies because they target the liver 
and cytotoxic conjugation would almost certainly induce severe tox- 
icity. Given that mAb 806 failed to bind U87 MO cells expressing 
I X lO' EGFRs and our initial immunohistochemical analysis show- 
ing that mAb 806 does not bind normal liver, we believe that it is 
unlikely this antibody will target noiroal liver. However, formal 
demonstration of this requires ongoing analysis and ultimately clinical 
trials in cancer patients. Conjugation of cytotoxic agents such as drugs 
(37) or radioisotopes (38) to antibodies has the potential to improve 
efficacy and reduce the systemic toxicity of these agents. Further- 
more, it is likely that the direct antitumor effects of mAb 806 reported 
here would be furdier enhanced by the coupling of appropriate cyto- 
toxics. 

This study clearly demonstrates that mAb 806 has significant in 
vivo antitumor activity against de2-7 EGFR-positive xenografts and 
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tumors overexpressing the EGFR. The unique specificity of mAb 806 
suggests immunoiherapeuiic potential in targeting a number of tumor 
types, particularly head and neck tumors and glioma, without the 
restrictions associated with normal tissue uptake. Finally, given that 
systemic administration of mAb 806 inhibits the growth of intracra- 
nial glioma xenograHs/ we plan to conduct clinical trials with mAb 
806 in patients with glioma. 
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IMMUNOHISTOCHEMICAL COMPARATIVE 
ANALYSIS OF TRANSFORMING GROWTH 
FACTOR a, EPIDERMAL GROWTH FACTOR, AND 
EPIDERMAL GROWTH FACTOR RECEPTOR IN 
NORMAL, HYPERPLASTIC AND NEOPLASTIC 
HUMAN PROSTATES 

Maria P. De Miguel,^ Mar Royuela,' Fermin R. Bethencourt,^ Antonio Ruiz,^ 
Benito Fraile,' Ricardo Paniagua' 

Immunoreaction to TGF^ was limited to the basal epithelial cells of focal areas in the normal 
prostates. In benign prostatic hyperplasia (BPH) the immunostaincd areas were more wide- 
spread and immunolabelling was obserred io both basal and columnar (secretory) cells of the 
epithelium. Some cells in the connecHve tissue stroma were also stained. In prostatic adenocar- 
cinoma, epithelial immunostaining was even more extensive and intense than in BPH, and some 
stromal cells were also stained. Epidermal growth factor (EGF) ImmunosUining was only 
present in some basal ceUs in normal prostates. In BPH, this immunoreaction was strong in the 
basal cells and even stronger in the secretory cells. In prostaHc cancer, the intensity of epItheHal 
ccU Immunoreactivity was intermediate between that of normal prostates and that of BPH 
specimens. EGF-receptor immunostaining was focal and located in the basal cells in normal 
prostates. In BPH, labelling was also localized in basal cells but extended to wider areas. Some 
stromal cells appeared weakly labeUed. In the prostatic carcinoma, both basal and columnar 
cells appeared stained and the number of immunolabelled stromal cells was higher than in BPH 
The resulu presented suggest that, in normal conditions, EGF and TGF-a act as autocrine 
growth factors for the basal cells of the prostatic epithelium. In BPH this action is maintained 
and, in addition, the columnar cells start to secrete both factors which arc bound by the basal cell 
receptors, giving rise to a paracrine regulation which probably ovcrstimulates basal cell 
proliferation. In prostatic carcinoma, besides these regulatory mechanisms, the acquisition of 
EGF-receptors by the secretory cells develops an autocrine regulation which might Induce their 
proliferation. 
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Epidermal growth factor (EGF) is a 6-kDa 
polypeptide' which stimulates proliferation and 
keratinization of epithelial tissues in in vivo and in 
vitro conditions.^ It is produced by a variety of normal 
cells in different tissues and has been isolated in most 
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organic fluids including human urine,^ prostatic 
secretion and seminal fluid * Transforming growth 
factor a (TGF-a) is a 5-kDa polypeptide which shares 
35% of its amino acid sequence with EGF.^*^ Unlike 
EGF. TGF-a is produced by malignant cells, including 
those transfected by viruses.^ The EGF-receptor 
(EGFR) is an intrinsic membrane glycoprotein of 
170 kDa * The use of the same receptor by TGF-a with 
a similar afiinity' implies the intracellular transduction 
of the same signal. 

Prostatic epithelial cells synthesize EGF" and 
TGF-a.'^ Imrounohistochcmical localizauon of EGF 
in benign prostatic hyperplasia (BPH) and prostate 
cancer was reported by Fowler et ai,^^ EGFRs have 
been identified in the cytoplasm of normal human 
prostate cells'** and in the membrane fraction of 
prostatic tissue from men with BPH*^ or prostatic 
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TABLE 1. Comparison of immunostaining intensities of the 
prostatic epithelium (measured as optical density) in normal 
prostate, benign prostatic hyperplasia, and prostatic adeno- 
carcinoma 



Immunostaining 




Benign prostatic 


Prostatic 


Normal men 


hyperplasia 


adenocarcinoma 


TGF^ 


5.40± i.r 


8.04 db 2,2*^ 


8,30 ±2.4'' 


EOF 


0.72 ±0-1' 


4.49 ±0.9^ 


2.96 ± I . r 


EGFR 


5.70 ±1.5' 


6.35 ±2.3* 


8.04 ±2.0*^ 



For each immunostaining, values with different superscript letters differ 
^ificantly between ihem (/*^0.05). 



carcinoma. Comparative immunohistochemical 
studies on these growth factors in normal prostate, 
BPH and prostatic carcinoma are partial for reasons 
that include: the lack of normal prostatic tissue for 
comparison purposes, the impossibility of using an 
animal model, since laboratory animals do not develop 
prostatic carcinoma, and our relatively poor knowl- 
edge of the growth factors and their receptors that 
control the normal development of the prostate. 



RESULTS 

The results from tests used to check the specificity 
of the three antibodies used were positive. No 
immunoreaction was observed in the negative 
controls incubated with pre-immune serum or anti- 
chloramphenicol. Staining of skin sections was posi- 
tive. The results of ELISA showed a linear correlation 
between the increasing concentrations of the homogen- 
ized tissues and their respective optical densities. Com- 
parison of prostates obtained during surgery with 
those from autopsies showed neither histological nor 
immunohistochemical changes. In the normal pros- 
tates, no differences in immunostaining affinity 
were observed between prostatic regions (central, 
intermediate and peripheral). 

The results of the semiquantitative comparative 
analysis are summarized in Table 1. 

In the normal prostates, immunoreaction to 
TGF-a was limited to focal areas that appeared inter- 
mingled with the unstained areas. In the stained areas, 
labelling was only observed in the basal epithelial cells 
(Fig. 1). In BPH, the immunostained areas were more 
widespread and immunolabelling was observed in both 
basal and columnar (secretory) cells of the epithelium. 
Some cells in the connective tissue stroma were 
also stained (Fig. 2). In prostatic adenocarcinoma 
immunostaining was even more extensive. Although 
distinction between basal cells and columnar cells were 
less evident than in the other groups, all the epithelial 



cells and some stromal cells were intensely immuno- 
stained (Fig. 3). 

In normal prostates, EOF immunostaining was 
absent or only present in some basal cells (Fig. 4). In 
contrast, in BPH this immunoreaction was strong in 
the basal cells and even stronger in the secretory cells 
of the prostatic epithelium (Fig. 5). Prostatic secretions 
also appeared intensely labelled. In prostatic cancer 
sections, the EGF immunoreactivity of the epithelial 
cells was more intense than in normal prostates and 
weaker than in BPH (Fig. 6).. No positive immuno- 
eaction to EGF was observed in the stroma in any of 
the three prostate types studied. 

In normal prostates, immunostaining to EGFR 
only appeared in some zones, that were intermingled 
with the unstained areas and was exclusively localized 
in the basal epithelial cells (Fig. 7). In BPH, labelling 
was also in basal cells but extended to wider areas. In 
addition, some stromal cells appeared weakly labelled 
(Fig. 8). In the prostatic carcinoma specimens, the 
immunolabelled areas were even wider and all the 
epithelial cells in these areas appeared intensely 
stained. In the connective tissue stroma, the number of 
immunolabelled cells was higher than in BPH and their 
staining was more intense (Fig. 9). 



DISCUSSION 

Harper et aL" found that immunohistochemical 
reaction to TGF-a was very low in BPH and increased 
in prostate cancer. In the normal prostates evaluated in 
this study, TGF-a protein was expressed exclusively 
in the basal epithelial cells. In BPH the columnar 
secretory cells were also labelled. In prostatic card- 
noma immimostaining was more intense than in 
BPH. This agrees with the opinion that autocrine 
production of TGF-a is characteristic of prostatic 
tumour cells. 

Previous results on EGF in BPH and prostatic 
cancer are controversial and in any of them compari- 
sons with normal prostatic tissue have been performed. 
Using immunohistochemistry, Fowler et a/, " identified 
EGF staining in the prostate only in 6% of BPH 
patients compared with 68% of prostate cancer 
patients. In contrast, radioimmunoassay quantitations 
by Habib'' and Shaikh et aiP found significantly 
higher levels of EGF in patients with BPH than in 
prostatic cancer patients. These results agree with those 
reported here. 

The results of previous studies on EGFR in BPH 
and prostatic carcinoma are also discrepant. Several 
authors^*"^^ have reported that the number of EGFR 
positive cells is higher in BPH than in prostate carci- 
noma. In contrast, in tumour cell line cultures, EGFR 
expression increases with malignant potentiaP'*'^ and 
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Figures Paraffin embedded sectiou of the prostate imimmostalned to TCF^ (Tigs l-l^ to EGF (Fies 4-A or to ECFK fFi~ 

rlSI" i!. Jl"*'^ .P"^?'",'*^" (arrowheads) are intensely SmunLuned. x 4?5^ 

Mgurc 2. Both basal cells and columnar secretory cells arc stained in BPH x 330 

rSI^ i: In fiT^^'''' a<!eno«rcinonw epiiheliaJ immunostaining is more intense and some stroma celb (star) are also stained x 240 
fiS^ t B J^r^n ^'T'^ T^^^'"^. immunostaining i, weak and limited to some basal (arrowheads) ills, x^ 
Figure 5: Basal cells (arrowheads) and columnar cells (arrows) are stained in BPH x 240 

Figure 6: In prostatic adenocarcinoma epithelial cells are also immunoslaincd (arrows) but labelling is less intense than in BPH x M 
Figure 7: n the normal prosjitc the basal epithelial cells are intensely immunostained (arrowheadsr^ 310 
Rgure 8: In addition to basal cells (arrowheads), some stromal cells (star) arc immunoslaincd in BPH x 500 
R^^^l^'^ "^"^ ^^"^"^ ^''"^ '"•"'"'y immunostained in prostaUc adcnocarcinoiia, x >00. 



EGFR mRNA levels were found to be slightly higher 
in prostatic cancer patients than in BPH.^-^^ In other 
studies, the levels of EGF binding were similar in both 



groups. In the present study, the immunostaining 
pattern of EGF receptor differs from that of their 
ligands, and the intensity of EGFR immunostaining 
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was higher in prostatic carcinoma than in BPH and 
normal prostates. 

There have been some studies on the intra- 
epithelial localization of EGFR. Jn an immunohisto- 
chemical study of BPH, prostatic intra*epithelial 
neoplasia (PIN) and prostatic carcinoma, Ibrahim 




et al?^ and Maddy e( alr^ observed that EGFR 
immunoreactivity only appeared in the basal cells of 
the prostatic epithelium in both BPH and prostate 
cancer. In the present study, in the normal prostate and 
BPH, immunostaining to this receptor was only seen in 
basal cells whereas, in the prostatic carcinoma, the 
whole epithelium and some stromatic cells were 
strongly immunostained. Cohen et aL^ found that, 
in normal prostates and BPH specimens, EGFR 
immunostaining was localized in the epithelial cells 
and TGF-a in the stromal cells, whereas in about 
half of the adenocarcinomas examined there was 
co-expression of the receptor and the ligand. Scher 
et aiJ^ found this co-expression in epithelial tumour 
cells but only in specimens obtained from hormone- 
refractory metastases and not in primary prostatic 
tumours. These findings suggest that in primary 
tumours a paracrine pattern of growth factor stimula- 
tion predominates, whereas in androgen-independent 
disease a shift towards an autocrine stimulatory loop 
occurs. 

The results reported here suggest the following 
hypothesis. In normal conditions, EGF and TGF-a act 
as autocrine growth factors for the basal cells of the 
prostatic epithelium (Fig. lOA). In BPH this action is 
maintained and, in addition, the columnar cells start to 
secrete both factors which are bound by the basal cells, 
giving rise to a paracrine regulation which .probably 
overstimulates basal cell proliferation (Fig. lOB). In 
prostatic cardnoma, besides these regulatory mech- 
anisms, the acquisition of EGFRs by the secretory cells 
develops an autocrine regulation which might induce 
their proliferation (Fig. IOC). 

This interpretation is supported by previous data. 
It has been suggested that expression of TGF-a and its 
receptor by human prostate cancer cells could confer 
them a growth advantage, leading to its autonomous 
growth.^ A marked epithelial dysplasia resembling 
cardnoma-in-situ cells has been observed in the 
anterior prostate of transgenic mice overexpressing 
TGF-a,^' and suggests that overproduction of this 
factor contributes to continuous cell proliferation and 
transformation.^^ To achieve transformation, EGFR 



Figure 10. Possible actions orTGF-a, EGF and EGFR on thebuioan 

prostate. 

A; In normal conditions, TGF«^x and EGF arc secreted by basal 
epithelial cells which also possess receptors for these ractors (EGFR), 
giving rise to an autocrine stimulation of basal cell proliferation 
(epithelial cell renewal). B: In benign prostatic hyperplasia, the 
columnar secretory cells also secrete these factors, giving rise to a 
paracrine overstimulation of basal cells. The excessive protiferaUon 
of these cells might be the cause of hyperplasia. C: In prostatic 
adenocarcinoma, in addition to the autocrine and paracrine stimu- 
latioQS of basal cells, the columnar cells— which have developed 
EGFRs— undergo an autocrine stimulation and thus, proliferation 
of the usually non-proliferative columnar cells also might occur. 
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must be expressed at high levels in addition to being in 
the presence of activating ligand.^^ In our study. 
EGFR is overexpressed in all epithelial cells of the 
prostatic epithelium in the cancer samples. A mech- 
anism for hyperproliferation is an unscheduled auto- 
crine ligand synthesis by pre-malignant cells.^ In our 
study, an important ligand might be TGF-a, which 
appears in the secretory cells of BPH specimens while it 
is completely absent in normal prostate and increases 
to higher levels in prostatic carcinoma. 



MATERIALS AND METHODS 

The prostates from 30 men (aged from 60 to 80 years) 
were obtained by surgery. Fifteen of these men were clinically 
and histopalhologically diagnosed of BPH. and the other 15 
men presented prostatic adenocarcinoma (Gleeson grading 
3). In addition, 10 prostates from 20-50-ycar-old men with- 
out reproductive, endocrine and related diseases were 
obtained between 8 and 10 h after death in autopsies. Five of 
these men showed BPH and the other five men presented 
histologically normal prostates. 

Tissues were fixed for 24 h in a 0.1 M phosphate- 
buffered 10% formaldehyde solution, dehydrated and embed- 
ded in paraffin. Sections {5 pm in thickness) were processed 
following the alkaline phosphatase-conjugated streptavidin 
complex or the avidio-biotin-peroxidase complex methods. 
In brief, following deparafilnization, sections were hydrated 
and, in the case of the avidin-biotin-peroxidase complex 
method, incubated for 20 min in 0.3% H2O2 in methanol to 
reduce endogenous peroxidase activity. The sections were 
incubated overnight at 4'C with the primary antibodies (all 
from Santa Cruz Biotechnologies, Santa Cruz, CA. USA) 
diluted in Tris-buffcred saline (TBS) containing 0-5% BSA. 
The primajy antibodies used and the dilutions found to be 
optimal for this study were: anti-EGF antibody, at 1:25; anti 
TGF^ antibody, at 1:25; and anti-EGFR antibody, at 1:250. 
Afterwards, the sections were washed twice in TBS and then 
incubated with goat anti-rabbit (EGF and EGFR) or goat 
anti-mouse (TGF-a) biotinylated inmiunoglobulins (Bio- 
gencx, San Ramon, CA, USA). After 1 h of incubation at 
37'C with the second antibody, the sections were incubated 
with phosphatase-antiphosphatase complex (Biogenex) or 
avidiiH-biotin-peroxidase complex (Vector Laboratories, 
Buriingame» CA, USA) for 30 min at room temperature, 
developed with Fast Red (Biogenex-supersensiWIity complex 
Kit) or with diaminobenzidine (Sigma, Barcelona, Spain), 
and mounted in Crystal/mount aqueous dry moundng 
medium (Biomeda, Foster Gty, CA, USA) or dehydrated 
and mounted in DePcx (Probus, Badalona, Spain). After- 
wards, some sections were counterstained with Mayer's 
haematoxylin for 2 min. Care was always taken to develop 
the sections of the different specimens for exactly the same 
time. 

The specificity of the immunohistochemical procedures 
was checked by using negative and positive conU-ol sections. 
For negative control of the immunoreactions, adjacent 
sections of each type (normal, BPH and prostatic cancer) 
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were incubated with pre-immune rabbit serum (for EGF and 
EGFR) or mouse anti-chloramphenicol (for TGF-a, a gift 
from P. J. S. van Kooten, Institute of Infectious Diseases 
and Immunology, University of Utrecht, Utrecht, The 
Netherlands). As positive controls, sections of skin from both 
mouse and human were incubated with the same antibodies. 
For additional control of the specificity of the antibodies, an 
ELISA was carried out. The protein concentration of 
homogenates was calculated by the Bradford method." The 
different antigens were coated on 96 well multiplates over- 
night at 4'C. The plates were washed with TBS containing 
0.05% Tween 20 and blocked with 1% bovine serum albumin 
in TBS for 1 h at room temperature, and incubated withs the 
different antibodies for 3 h also at room temperature. After a 
further wash, the peroxidase-conjugaled anti-rabbit (EGF, 
EGFR) or anti-mouse (TGF-a) immunoglobulins were 
added to each well (Chemicon, Temecula, CA, USA). The 
interactions were visualized with 0.5% 2,2-azino-di-3- 
ctilbenziatioazolina sulphomc acid (ABTS) (Sigma) in 
100 mM citrate buffer, and was measured (optical density at 
405 nm) in a spectrophotometer (Multiskan Bichromatic, 
Labsystems, Finland). 

A histological comparative quantification of immuno- 
labelling density in normal, hyperplastic and neoplastic 
prostates was performed for each of the three antibodies. Of 
each normal prostate, six histological sections of each 
region (central, intermediate and peripheral) were selected at 
random and the staim'ng intensity (optical density) per unit 
surface area of the epithelium was measured with an auto- 
matic image analyser (M.IP4 version 4.4, Consulting Image 
Digital, Barcelona, Spain) in five light microscopic fields 
using the x 40 objective. For each positively immunostained 
section one control section (the following in a scries of 
consecutive sections) was also used, and the opdcal density of 
this control section was subtracted from that of the sUined 
section. The means ±SD for the normal prostate group 
were calculated from the average values obtained for each 
prostate. The same quantitative study was carried out 
in the hyperplastic and neoplasUc prostates, although the 
number of sections used was higher (23 in BPH and 29 in 
prostau'c carcinoma) and all these sections were taken 
from the impaired zone. In the study, the number of sec- 
dons and microscopic fields in each section necessary for 
calculation were determined by successive approaches to 
obtain the minimum number requu^ to reach the lowest 
SD. The statistical significance between means was assessed 
by the Fisher and Behrens test. 
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To elucidate the role of EGF in human placental development, effects of 
EGF on the proliferation and differentiation of trophoblasts were 
investigated. Explants of trophoblastic tissues obtained from 4-5 week or 6- 
1 2 week placentas were, respectively, cultured with or without EGF, in the 
presence or absence of triiodo-L-thyronine (T3) in a serum-free condition. 
The proliferative activity was examined by immunocytochemical staining 
with an antibody KiT67, and the differentiated function was assessed by the 
ability to secrete,human chorionic gonadotrophin (hCG) arid human 
placental lactog^ (hPL|.:^ week placentas, EGF and EGF receptor 
were localized in cyibtrophoblast (C-cell), and EGF augmented the 
proliferation of C-cclI without affecting the ability to secrete hCG and hPL. 
In contrast, in 6-12 week placentas, EGF and EGF receptor were localized 
in syncytiotrophoblast (S-ccll), and EGF stimulated the secretion of hCG 
and hPL without affecting the proliferation of C-celL In situ hybridization 
with c-erb B probe revealed that c-erb B mRNA is expressed in the S-cell 
after 6 weeks' gestation. Column chromatography of the serum-free media 
obtained by 5-day culture of early placental tissues resulted in the elution oJ 
immunoreactive EGR The addition of T3 (10(-8) mol L(-l)) resulted in 
increased secretion^o/imrpunoreactive EGF by placental explants. These 
findings suggest that E<3F^^^^ an autocrine factor in regulating early 
placental growth sgid furiction in s>Tiergy with thyroid hormone. 
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1- ABSTRACT 

Epidermal growth factor and related substances mediate their effects on epithelial 
cells through binding to high-affinity receptors (EGF-R) at their basolateral surface 
and it is hypothesized that this growth factor system play a major role in gut 
morphogenesis and maintenance. The current review emphasizes on analyzing the 
expression and the biochemical characteristics of EGF-R in human fetal gut 
segments and correlating thejiological actions of EGF-R ligands. They appear to be 
primarily involved in the local re^uiation of epithelial cell proliferation in which 
EGF-R arc abundant. Altemativeiy,^^^ ligands exert some precocious 
maturative effects by increasing intestinal lactase activity and decreasing brush 
border hydrolases in colon while they down modulate the expression of segment- 
specific markers of terminal differentiation such as sucrase» trehalase and 
glucoamylase in the intestine and chief cell lipase in the stomach. Such effects are 
consistent with the identification of receptors at the surface of all epithelial cell 
types, illustrating the modulatory role of EGF on differentiated gut epithelial cells. 
Comparison wih animal models illustrates similar biochemical properties of 
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receptors and underlines physiological aspects specific to human gut development 
The relevance for ligand heterogeneity is also discussed and tentatively associated 
with different delivery pathways or physiological responses. 

2. INTRODUCTION 

Epidermal growth factor or EGF is one of the best characterized growth factors that 
was initially isolated by Stanley Cohen as a contaminating material in nerve growth 
factor preparations promoting ih^ .gro>yth of embryonic neurons (1 ,2). Early on, it 
was found to be abundant in sprfie body fluids i.e. saliva, serum, milk and urine (3- 
6). Accordingly, radioimmunoassay analysis in conjunction with 
immunohistochemical studies demonstrated that the submaxillary salivary glands, 
duodenal Brunner's glands, mammary glands and metancphric kidneys represented 
major sources of the EGF peptide (7-9). EGF-related material (transfomiing growth 
factor-alpha or TGFalpha) was also extracted from the amniotic fluid (0.25-4.3 
ng/ml; refs 9-11) and found to be produced by extraembryonic membranes 
(trophoectodemi, placenta) in animals and humans (12-15) although a fraction of this 
material is hkely to derive from developing kidneys (9). Taken altogether, these 
findings lead to the hypothesis that EOF or related forms released from these sources 
could be involved in embryonic jdeyelppment and gut morphogenesis or the 
maintenance of gut tissue§;in ihe!:,adult. A major breakthrough was then achieved 
when EGF mRNA. transcripts and EGF-like substance/ activity were detected in 
lower amounts in various tissues (16-18). ThUs, it was proposed that the growth 
factor could act in vivo as a local paracrine factor in addition to its role as a long- 
distance acting hormone. 

Conceming the characterization of the biological action of EGF in tissues, 
pioneering studies (19,20) using subcutaneous injection protocols in neonatal mice 
helped to recognize the maturing epidermis and its appendages as important targets 
of EGF action. It was initially observed that the factor accelerated eyelid opening and 
incisor eruption (thus accounting fqr the tooth lid factor* denomination used in the 
early 1960's). Ulterior experimcni^s. 'showed that EGF was also able to stimulate hair 
growth and epidermal celfprolifeftition and kcratinization (21). The mitogenic effect 
of EGF was then rigpurously studied in vitro on fibroblasts (22-25) where the 
predicted presence of EGF surface receptors was verified for the first time using 
iodinated (^^^FjEGF binding techniques (24,26). As will be discussed further, the 
presence of surface binding sites was also demonstrated in mesodermal and 
endodcrmal derivatives, especially in gut epithelial compartments, and the gene 
encoding the EGF-R protein in rodents and man was successfully cloned and 
sequenced (sec reviews 27-29). 

In 1983, an oncogenic protein, termed v-erfeBl, was identified as a product of avian 
erythroblastosis vims (30)^h!ich caus6^ abnonnal presence of immature blood 
cells (erytbroblasts) into s^^temic fciiculation in chicken. Viral erbB\ in fact 
represents a truncated and?onstitutively-active form of the EGF-R (30);'a cellular 
homolog oncogene named c-erbBl was identified in embryonic and tumor cells in 
rodents (31), and then found to be identical to the mouse EGF-R. Such discoveries 
and biochemical/immunologica! data from pathological studies pennitied to 
establish a functional relationship between the expression of EGF-R and the 
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initiation of cancer,, as prdjjosed for the gut in particular, where the relative 
abundance of EGF-R serves as a prognostic, factor in esophageal, gastric and colon 
tumorigenesis (32-34). Enhanced expression of EGF-R may also be a marker for the 
increased risk of colon cancer in inflammatory bowel disease (35). 

In the following years, the expression pattern, the mechanism of activation, the 
recycling through the endocytic pathway as well as the involvement of EGF-R in the 
biological action of EOF were extensively studied in normal tissues and cultured 
cells originating from animals and man. As examplified in basic reviews (2,36-40) 
integrating all aspects of EGE/E^QJErR biochemistry and physiology, the expression 
and function of this growth facto^system seem to be primarily associated with the 
involvement of EGF as a qoiripetence growth factor stimulating the survival, the 
migration and the mitosis of isteni cells and pre-differentiated cells, including those 
of the gastrointestinal tract giving rise to mature epithelial cells. The more recent 
development of gene knock-out and promoter engineering strategies which enable 
the generation of mouse lineages carrying either EGF/TGFalpha/EGF-R genes 
inactivated by defective mutations or genes which expression is forced by an active 
promoter (mutauons integrated in the whole organism or targeted to specific organs) ' 
indeed supports the latter concept. Overexpression of the TGFalpha transgene (41- 
46) primarily alters epithelial prpliferative compartments and ultimately leads to a 
desequilibrium between pre-xjjiffercntiated and differentiated cell populations: 
hyperplasia and rarefication of diifefentiated phenotypes. Alternatively, null 
mutations of TGFalpha/EGl.R genes (47-50) reveal that they exert a complex 
function since their deficien^:ies not only modify cell proliferation but pemu-b a wide 
range of developmental activities (branching morphogenesis, epithelial cell 
differentiation or maturation, skin architecture). In accordance with the latter 
observations, other pioneering studies suggest that EGF itself or EGF acting in 
synergism with other growth factors plays a role in the differentiation of specific cell 
species such as keratinocytcs (as mentioned above; ref 19-21), palatal cells (51), 
surfactant-secreting pneumocytes (52,53), cervical cells (54), nasal epithelial cells 
(55), ameloblasts/odontoblasts (56), trophoblasts (57) as well as enterocytes (58-60). 
These observations jointly reinforces the physiological importance of EGF and EGF- 
related molecules as cell in^iiceESjapd stresses the complexity of regulatory processes 
involved in organogenesif in^.tis^ife maintenance. In this context, a growth factor 
system may play an epigencfic role.by stimulating distinct functions in different cell 
types at specific developmental stages when the ordered sequence of survival, 
proliferation and differentiation is normally progressing. The following sections . 
describe the general properties of the EGP-R as well as its expression pattern and 
biological significance in specific segments of the human fetal gastrointestinal tract 

3. IDENTIFICATION AND BIOCHEMISTRY OF EGF RECEPTOR 

3.1. Gene and protefa structure . . 

^';''..!.'r"-.i.:3.j>'' • 

The nucleotide sequence of the EGF-R, which is temed HER-1 in human (61). 
predicts a 1186-1210 aa badclJone with a molecular weight of 134-135 kilodaltons 
(kD)(see reviews 36.38)! The mature polypeptide is glycosylated at 1 1-12 asparagine 
residues, its molecular mass is estimated to -170 kilodaltons in various tissues and it 
is characterized by intrinsic tyrosine kinase activity (62-65). In addition, the 
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extracellular region contaW 5^ residues which are concentrated in two 

domains that cooperate t^'fomi a high affinity EGF binding site (66,67; see figure 1) 
Drosophila and Caenorhabdiiis EGF-R homologs contain the same functional 
domains (68.69) thus revealing a high degree of evolutionary conservation. Although 
a single human EGF-R gene exists, two spliced variants were revealed in A431 cells 
(64,70,71) which served in many laboratories as a model for studying EGF-R 
expression and subcellular trafficking. The physiological significance of this process 
remains uncertain however since this epidenmoid carcinoma cell line produces 
aben-ant forms of the receptor which are absent in nonmalignant tissues (64,72,73). 
Only a few data concerning the possible existence of alternative splicing mechanism 
in human carcinomas (71) and developing kidney (74) were obtained in the past. 
Presumably, this subject.ha^.n^^^^ much attention because the respective 

contributions of lO^.and 5^6^1cb transcripts for protein expression have not been 
examined. Nonetheless the^ecent discovery of a new spliced mRNA species in 
human placenta with a lower number of base pairs (75) may lead the way to a new 
comprehension of post-transcriptional regulatory processes controlling the tertiary 
confomiation and function of the EGF-R. 
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Figure 1. Tertiary structure and consensus motifs of the EGF-R and its common 
ligands, EGF, TGFalpha and HB-EGF. The extracellular portion of the receptor 
contains two domains enriched' in.cysteinc residues (black bars). The intracellular 
portion contains 1) a catalytic d6rnain with tyrosine kinase activity and 2) several 
phosphorylation sites at thrliefiine (T) and tyrosine (Y) residues. 



3.2. Mechanism of activation 
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Earlystud.es have deitioristratecrthat EGF binding to the extracellular domain of 
EGF-R stimulates its tyrosine kinase activity causing increased phosphorylation of 
protem substrates as well as'autophosphorylation of tyrosine residues near the C- 
temimus region (76). Moreover, threonine phosphorylation of the EGF-R by protein 
kinase C reduces ,ts binding affinity and negatively regulates tyrosine kinase activity 
(77). Lideed the functionality of EGF-R varies according to the cell status; high- and 
low-affimty binding sites were identified in many cell types (78,79) that could be the 
result of post-translational modifications (phosphorylation, interaction with other 
protems)(80,81). 

Biochemical data showed irihe past that an orderly sequence of receptor 
dimenzation. clustering a?idintemalizarion is normally activated following EGF 
bmdmg (82) allowing the.gpllular response and the endocytic recycling of EGF/EGF- 
R complexes, as for many receptor systems. In fact, the physical aggregation of 
multiple EGF/EGF-R complexes at the level of the plasma membrane appears to be 
required for subsequent activation of tyrosine kinase activity (83.84). Numerous 
studies have demonstrated over the years that the latter process leads 1) to activation 
ofrntracellular effectors associated to EGF-R and which are organized into 
multimeric complexes (src, ras, phospholipase C-y , phosphatidylinositol 3-kinase 
ul^ ""^^'^ required for mitogenesis, transformation and' 

cell differentiation (reviewed in 85;86). Recent data even suggest that the receptor 
aggregation process as well as th.^ pptimal phosphorylation of associated effectors 
are operated through a cooperatiotiiwith the integrin/matrix apparatus (87) This 
assumption remaiivJ to be venfied specifically for the EGF/EGF-R system in the gut. 

3.3. General distribution 



Putative EGF-R were initially identified and characterized using '^I-EGF binding 
techniques in a wide range of cell types. Radioautographic data soon established that 
they are preferentially localized on the plasma membrane of epithelial cells, and at 
their basolatcral pole (reviews 36-40). Moreover their number is high in proliferative 
cells, neoplastic ceUs and carciiioma cell lines (27.88). In A43 1 cells for example, 
EGF-R are overexpressed by»20 to JiD-fold compared to normal tissues (27.64,72). 
Using the same strategy, rajeptorSsSvere successfully detected in embryonic/fetal and 
cxtracmbiyonic tissues of'^c!en'ts;(3 6,3 8,40) where they generally increase in 
number during gestation while their affinity for the ligand EGF somewhat decreases 
(89). Also, when fetal organs are explanted and cultured with EGF, the incorporation ' 
of ( H)thymidine into DNA is usually stimulated (90). 

Then with the advance of immunological techniques, anti-EGF-R antibodies were 
produced that helped to confum the precise localization of the protein at the tissular 
and subcellular levels. The general distribution of EGF-R in human fetal tissues (91- 
93) was found to be quite similar, as expected. In comparison with rodents however 
the number of receptors tend ito; decrease before birth probably reflecting the more 
advanced degree of organ ^aturiti^ii that is achieved in uiero. One interesting new 
discovery made on cultureAlsdfited cells pertains to the concentration of EGF-R and 
associated effectors of signal transduction into adhesion plaques or cytoskeleton- 
membrane focal adhesions (94,95). 
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3.4. Ligaods 



EGF is a 53 amino acid polypeptide, with a molecular weight of 6045 daltons which 
possesses three intrachain disulHde bonds. It is the prototypical member of a /amilv 
of growth factors that also includes human pancreatic secretory trypsin inhibitor 
;qo J™"^ factor-alpha (TGFalpha)(97,98). vaccinia growth factor 

5;^, ?;^; , growth factor (SDGF) or amphiregulin (AR) 

(fiB-EGF)(105), the neu d.fferentjation factor (NDF)C106). the hercgulins (107) and 
two homeotic gene products, the drosopMa Notch protein (108) and the lin-12 
protem of the nematode Caenorhabditis elegans (109). EGF-related molecules 
denve from large membrane-bound prccursore which are released by proteolytic 
cleavage (110) PreproEGf.,f9rex^^^^ 1217 aa. seven EGF-like repeats 

in addition to the manire E^!?. coding region (1 1 1.112). and a portion of the 
molecule exhibits limited hoitiology with the low density lipoprotein (LDL) reccotor 
suggesting that the EGF precursor and the LDL receptor descended from a common ' 
ancestral fransmembrane protein (113.114). TGFalpha derives from a shorter 160 aa 
vnv^'^.'^^^P «^ "^^^'^ 33-44% sequence homology with mouse or human 
tGF (12 residues are strictly conserved). Of interest, its discoveiy in the culture 
medium of established cell lines contributed to elaborate the autocrine hypothesis of 
cell growth control (1 16.1 17). In comparison, HB-EGF is characterized by a longer 
N-temiinal aim with a specific structural motif that confers sensitivity to sulfated 
glycosaminoglycans andjiroteo^ycans (1 18). All three peptides represent potent 
agonists of the EGF-R m |everai iiOnmal (non transfonned) tissues and cell lines. 

4. EXPRESSION IN HUMAN FETAL GUT SEGMENTS 
4.1. Small intestine 

The presence of EGF-R in human fetal small intestine was demonstrated for the firet 
time in 1988 by binding measurements (1 19). In this smdy, classical '^^I-EGF 
binding procedures were performed at 22" C for 45 minutes on epithelial cell 
preparations that were obtained by manual shaking (in EDTA/NaCl solution) of 
everted segments of smaU jgwliii?^.I'or Scatchard analysis, cells were incubated 
with the iodinated ligand phis iiicr'lksing concentrations of unlabelled EGF(10-'' to 
1 0- M) and non-linear ploSssJ^^re analyzed according to the two-site model. The 
pattern of "^I- EGF binding between 12 and 17 weeks (postfertilization) shows that 
binding was significantly higher (2.5-fold) in 12 to 14-week fetuses than in older 
fetuses, as illustrated in figure 2. In percentage teims. specific binding in youger 
fetuses represented more than 16.5% of labeled EGF/mg cell protein whereas 17- 
week-old specimens bound less than 6%. Low- and high-affinity binding sites were 
Jdentified with association constants of K, = 1.90 ± 0.45 x IQ-'m*' and = 0.033 ± 

^P**"^«'y- binding was also specific; no cross-competition 
rrp , iri" ^'"^.f'*"" wajobSQc^^,with insulin, ACTH. thyroxine, hydrocortisone, 
lGF-1 , lGF-2 or dexamethasonewhen they were added in excess concentration 
together with EGF. Quantit^^ve autoradiography of '^^legF binding (1 20) reveals 
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ex ensive accumulation in undifferentiated cells of the crypt and at the base of the 
villus, as well as m the innerdrcular layer of the muscularis externa borderine the 
submucosa (some labe!infe:ras.dgtected in mesenchymal and vascular dements of 
^ of silver grain density was clearly established along 

the crypt-vUlus axis towaj(is the regions of high proliferative activity. EpitheliaJ cells 
m the deep portion of the crypt showed the highest density (9.2 grains/p m^) xvhich 
gradually decreased m the upper crypt (6.5) and the lower villus (3.9), with ve,^ little 
labehng m the upper third of the villus (0.4). The cellular distribution of silverTrains 
m epithehal cells of the lower villus revealed a polarization of labeling in the 
basolateral infranuclear region (6.0 grains/p xt? versus 0.7 in the supranuelear/brush 
border compartment). The last observations support the hypothesis that EGF would 
access to its receptors on epithelial cells from the serosal side, not from the gut 

^i;!^;"^ n^nfJ'' "^WJ.'^Iogic^l conditions. Confirming this assumption, the 
same study (120) demonstrated, that labeled EGF could not access to its r^eptors 
when infused into the lun^sof jejunal segments, cither at 22" C or4» C. 
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Figure 2. Developmental pattern (A) and Scatchard analyses (B,C) of iodinated EGF 
binding to epithelial cells isolated from human fetal small intestine and colon. 
Indices in graph A represent the number of specimens for each age (adapted from ref 
1 1 9)« 



Of particular interest, the small intestine undergoes extensive morphogenesis 
between 8 and 12 weeks of gestation with the onset of villus and crypt fomiation and 
subsequent transformation-;ffpm^^^ columnar to simple columnar 

epithelium (121), I^beling inch'ceTwithin this epithelium are also at their highest 
value between 8 and 1 0 wce^s (approximately 26-30%) and decrease markedly 
during the next 4-6 wecksXhl). h is thus during this critical period of 
morphogenesis and remodeling that the intestinal epithelium exhibits its highest 
EGF binding capabilities. Moreover, Poulsen and co-workers (9) have demonstrated 
the presence of immunoreactive EGF in intestinal Paneth cells of the 20-week-old 
fetus suggesting that this cell type represents an endogenous source of the peptide. 
Paneth cells normally appears at 1 1-12 weeks (122) which again conelates with the 
high number of EGF-R at this early age. The.possibility that EGF from Paneth cells 
may influence the neibourghing undifferentiated cells has yet to be explored. In 
subsequent studies using thei-imm^ohistochemistry approach (123,124), the 
presence of EGF-R at the baSolat^ai cellular pole, their consistent absence in brush 
border preparations and their rarefication with increasing age were verified in 
intesrinal epithelium of fetusiss, children and adults. 

Two colon carcinoma cell lines, namely Caco-2 and HT-29, exhibit human 
enterocyte-like features in culture and are commonly used as in vitro models to study 
the role of putative regulators. The capacity of these cells to bind EGF has been 
demonstrated (1 25) as well as the involvement of an EGF-like factor in their 
autonomous growth (126,127) and migration behavior over laminin substrate (128). 
Recent data indeed show that antisens EGF-R expression has an antiproliferative 
effect on HT-29 cells (129kV{tiile Ijpth Caco-2 and HT-29 cells express a minor 
pool of EGF-R at their apicjd surf^^i^ only basolateral membrane stimulation with 
EGF increased tyrosine kiiia^j- activity and enhanced proliferation (130,131), in 
accordance with the propoVednjodel of EGF action on epithelial cells. EGF not only 
stimulates DNA synthesis and proliferation of Caco-2 cells but reduces sucrase 
activity markedly, by affecting its processing in the endoplasmic reticulum and 
mRNA synthesis ( 1 32). The same study reveals that EGF maintains Caco-2 cells in a 
poorly-differentiated phenotype thus suggesting that the growth factor would act as a 
mitogen and a repressor of tenminal differentiation. Interestingly, ulterior 
experiments showed that parental HT-29 and sublines lose their proliferative 
response to EGF ligands as they spontaneously differentiate in culture (133): they are 
milogcnic for undifferentiated cells but inhibit the growth of more differentiated 
cells. Changes in the signalipiafnachinery rather than the modulation of EGF-R 
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expression appear to be involved in this process. 

The study of EGF-R expression and ligand activity in primary cultures of human 
small intestinal cells still awaits the development of a suitable experimental system. 
Nonetheless, the biologicgI|'^pts;6f EGF have been carefully examined in organ 
cultures of fetal jqunum gy.4l'4Veek of gestation) (134). While the addition of 
exogenous EGF did not rhc>iify the morphology of intestinal explants, lactase 
activity was significantly iiicfeased and the rise in sucrase, trehalase and 
glucoamylase activities that normally occurs during culture was repressed in the 
presence of increasing concentrations of EGF. DNA synthesis and labeling index 
dropped drastically (within 24 hours of culture) in this model, thus recalling the 
response of differentiated cultured cell lines. These results clearly suggest that the 
influence of EGF on the regulation of small intestinal epithelium development 
depends upon the differentiation status of target cells. 

4.2. Colon 

Binding of ^^^I-EGF to cotenic epithelial cells isolated from 12 to 17-week fetuses 
was assessed using the same "methodology and optimal conditions as for intestinal 
epithelial cells (119; figure 2). Compared to the small intestine, specific binding in 
the colon was substantially higher (1.4 to 2.4-times) at all ages and also decreased 
with advancing age (figure 2). High-afTmity (K, = 1.78 ± 0.83 x IO-'m**) and low- 
affinity (K^ = 0.014 ± 0.005 X 10-' M-') binding sites were similarly demonstrated 
by Scatchard plot. Their cellular distribution in smooth muscle fibers as well as in 
developing villi and crypts of the fetal colon was identical to that found in small 
intestine, being concentrated,;in jegipns.ofhigh proliferative activity and tritiated 
thymidine uptalce while being^absetit from the brush border of villus cells (1 20). 

The overall pattern of EGF binding in the human fetal colon is notheworthy since 
colonic epithelial cells exhibited even higher binding than their intestinal 
counterpart This difference can be attributed partly to a greater concentration of 
EGF-R at the cell surface. Moreover, since the onset of villus fomation and 
epithelial differentiation in the developing colon occurs 3-4 weeks after initiation of 
morphogenesis in the small intestine, there may exist a relation between the fact that 
levels of EGF bmding in the colon at 17 weeks are equivalent to peak levels 
observed in the 12-14 week-old intestine (figure 2). It is also known that the 
expression of intestinal-type^markers are down-regulated and that fetal colonic villi 
are transformed into adult-f)9e eotoinic Crypts before birth. Whether the expression 
and binding kinetics of EGF-i'are.'modified during this ontogenic process, v^en 
epithelial cell proliferation xiofntributes to tissue remodeling, remains to be 
determined. 



As mentioned previously for the small intestine, the influence of EGF was studied in 
organ cultures of human fetal colon (135) where it did not alter the overall 
morphology of explants. Biochemical data, however, suggest that EGF may 
participate in the maturation process (loss of villus markers) since it caused a 
decrease of DNA synthesis rates and bmsh border sucrase, maltase and alkaline 
phosphatase activity levels, Jlly,strating the significance and the specificity of EGF 

•f...v- ■ ■ 
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action, hydrocortisone generated no effect in this model (135). 
4 J. Stomach 

The biological relevance of EGF action at the level of the stomach has been 
demonstrated early on. ,me: moI^ule called urogastronc. an inhibitor of gastric acid 
secretion produced by the hurtiah'Tcidriey and present in urine, was proven to be 
Identical to the mature EGp-peptide (136). The presence of EGF-R in the adult 
gastnc mucosa was also venfied and their increased expression in foveolar and 
surface epithelial compartments (compared to the base of glands) supports a pivotal 
role for this growth factor system in the maintenance of gastric mucosal integrity 
(protecuon. healing)(137-139). However the developmental aspects of EGF-R 
physiology m the human fetal stomach were only studied recently. 

The presence of the EGF-R immunoreactive protein was first suggested in a study 
analyzmg its widespread expression in digestive tract epithelia and pancreatic tissues 
^'^^^^^ '"^iTOPPPWsccnce and autoradiographic localization of^^H- 
EGF binding sites, it was^tiien'aemonstrated that the pattern of EGF-R expression in 
developing stomach sigriifitaridy differed from the adult situation (140) In fact 
EGF-R were detected as Sooh as 10-1 1 weeks of gestation when the gastric mucosa 
IS lined by a stratified undifferentiated epithelium. At subsequent stages (12 to 20 
weeks; figure 3), all epithelial cell types of the developing pit/gland structure 
(undifferentiated, mucous, endocrine, parietal and chief cells) were immunoreactive 
and the three major functional compartments e.g. the surface epithelium, the pit/neck 
region and the gland contained comparable numbers of binding sites. Thus when 
compared to the adult stomach, it seems plausible that EGF-R and its ligands exert a 
broad range of developmental activities in the fetal organ due to their ubiquitous 
expression m all gastric epithelial cell species. As expected also, the cellular 
distribution of EGF bindirig^wii:|ijncentrated in the infranuclear region of epithelial 
cells (140). Reflecting the-highly polarized localization of EGF-R and, possibly the 
early compartmentalization of EGF-R expression in the pit/gland unit, an intensive 
immunostaimng was seen at the basolateral pole of surface mucous cells in 20-week 
specimens (figure 3). 
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Figure 3. Localization of immunoreactive EGF-R protein in human fetal stomach 
mucosa at 12 (A) and 20|gaveg}^.of:ge5tation. Apical staining on surface cells 
rq)resents non specific bioMng^ot^tifiody to mucus (from fcf.140) 

In the past, only a few studSeS were aimed at studying the role of the 
EGFrrGFa!pha/EGF-R system in cultured human gastric tissues. One report (141) 
helped to confirm that EGF-R are present on epithelial cells isolated from adult 
stomach and showed that exogenous EGF stimulates the release of an angiogenic 
growth factor. Results obtained with human fetal gastric tissue maintained in organ 
culture (140) demonstrated that EGF regujaties the proliferative and differentiativc 
functions of the developing epidielium. The factor was able to stimulate DNA 
synthesis in mitogenically-compctent cells and the incorporation of tritiated 
glucosamine into newly-sjntj^ized glycoproteins (in mucous cells). Moreover, 
EGF down-regulated lipaseactivib^j in this model without affecting pepsin, two 
digestive enzymes co-Iocailized in human glandular chief cells. The latter 
observations are consisteni's^ith the ubiquitous expression of EGF-R in all epithelial 
cells of the fetal gastric mucosa and fiiither reinforce the assumption that associated 
hgands tnight control a variety of developmentol activities contributing to the 
differentiation and/or the maintenance of gastric qjithelial lineages. These results 
also emphasize the uncoupled regulatory process for lipase and pepsin, and enlighten 
the role of EGF in the modulation of lipolytic activity of the human gastric mucosa. 
Recently, it has been shown that EGF exerts its.down-regulatoiy action on gastric 
lipase at the mRNA level ( 1 42). 

5. COMPAWSONWITIpl^I^' MODELS 

On a general basis, the char^Jejristics of EGF receptors in both human fetal 
intestinal and colonic epithelial cells in terms of binding kineUcs. ligand specificity 
and binding affinities (K^ = lO''^* to lO'^ M).are typical of those found in rodent 
intestinal epithelial cells using the same protocols (143-145). As seen for the human 
the concentraUon of EGF-R was higher in mouse developing colon than in small 
mtcstine at the same postnatal age (146). 
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While there is a general agreement about the tissular Jocah'zation of EGF-R and the 
growth-promoting effect of EGF-related factors on the adult gastrointestinal tract of 
several species, discrepancies between humans and rodents have been reported 
regarding its implication in the functional differentiation of intestinal epithelia 
during ontogeny (refer to comprehensive reviews 147-149). For example EOF 
promotes in organ culture the maturation of the rough endoplasmic reticu'lum and 
some bmsh border enzymes of inouse small intestine at the fetal stage (15-17 days) 
(1 50-152) m accordance ^ntps -suggested role as an inducer of enterocyte 
differentiauon with a specific and restricted action. In suckling (8 days) animals 
however, injections of EGF Stimulate proliferation in all gut segments, including 
small intestme, and simultaneously increase all bmsh border hydrolase activities in a 
dose-dependem manner (153). ITierefore. EGF docs not only act as a fetal promoting 
agent but seems to be one of the few factors involved in re-differentiation of 
epithelial cells during postnatal adaptation of intestinal function at weaning a 
process which is highly coordinated along the entire digestive tract in rodents (147) 
Discrepancies were even observed between mouse and rat as exogenous EGF 
triggered limited effects on some brush border enzymic activities (154) or had no 
mflucnce (155,156) in thelatter sp.ecies. In addition. EGF administered 
orogastncally but not intr|ji^^riton?ijiy induced precocious maturation of intestinal 
disacchandase activities inistielicling rabbits (157). Many explanations can be put 
forward to explain these vacations such as the amount of EGF used route of 
administration, rapid uptake of exogenous EGF by the liver, phase of circadian 
rhythm. nuhnUonal state, length of the experimental period, injection schedule and 
developmental stages as well as the possible masking effect of endogenous EGF 
ligands. Eventhough animal models are necessary for the identification of involved 
growth factors and characterization of their biological roles, it is clear that effects 
induced by EGF in rodent small intestine cannot be directly extrapolated to the 
human gut. 

There are several evidenc%:that El^F. TGFalpha and relatc<l substances may exert a 
similar influence on developing stomach of rodents (rat, rabbit, guinea pig) and 
humans (reviewed in 1 58) Jl^ey stimulate epithelial proliferation and mucus 
synthesis while they act negatively on parietal cell differentiation. Moreover targeted 
overexpression of TGF-alpha gene in mice causes alterations of the gastric mucosa 
that ressemble Menittier-s disease (46.159,1 60). a premalignant disorder 
charactcnzed by foveolar hyperplasia, hypochlorhydia and increased mucus. Thus it 
appears that this hormonal system would assume a general and important role in 
d^elopment of the mucigenic gastric lineage. The earlier finding by Dembinski and 
Johnson (161) that EGF significantly increased weight of the whole stomach and 
DNA content of the oxyntic glartds in unweaned rats but had no effect on pepsinogen 
synthesis/secretion led to th'eicondasion that EGF is a candidate inducer of oxyntic 
mucosal powth which dot^.^ppt participate in the dcvelopmental regulation of gastric 
zymogen expression. Our repait observation that this growth factor specifically 
influences gastric lipase expression in human chief cells (an enzyme absent in 
rodents) without affecting pepsinogen (140) stresses again the caution to be taken in 
directly extrapolating concepts established in animal models to humans. 

6. INTEGRATION 
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Tn 1976. David Wingate formulated a new global theory of gastrointestinal hormone 
action, called the eupeptide system (162), which stated that the established model of 
endocrine function - the concept of endocrine glands secreting at a distance from 
target tissues - was inappropriate for the context of gut physiology. This theory 
proposed that local paracrine' polypeptides may be no less impotlanl and may 
cooperate with 'endocrine* true hormones or mediate some of their effects in the 
control of nutrient absorption, smooth muscle contraction and tissue maintenance. 
One must realized today th^Tth^^jlscbvery and the study of the EGF/EGF-R system 
has greatly contributed to the cpriceptual enlightenment of the former theory. As 
suggested by the variety of^ts biological actions and its widespread expression in 
developing and adult gut se^ents, this growth factor system seems to be involved 
in the global and intrinsic control of gut morphogenesis and homeostasis. 

The current review emphasized on analyzing the expression of EGF-R in human 
fetal gut and correlating the biological actions of EGF-R ligands. The data presented 
reveal the ubiquitous distribution of the receptor in the developing mucosa of gut 
segments as well as in the various epithelial cell types. In comparison, its expression 
is known to become more restricted in the corresponding adult tissues. We may 
therefore propose an important apdyjleiotrop role for the EGF-R and its ligands in 
the context of gut epitheliiOT deyblSpmenL Firstly, the growth factor system appears 
to be involved in the; local-^^i^iation of epithelial cell proliferation in which EGF-R 
are abundant. Depending upon the specific segment and its differentiation status, cell 
proliferation would be stimulated or decided by agonists of EGF-R; the growth 
factor acts as a mitogen for gastric explants and as an inducer of precocious 
maturation in small intestine (lactase activity increased) and colon (intestinal 
enzymes down-regulated). A second function of this system in uiero may be to 
counter-regulate the terminal differentiation of human digestive epithelia; it 
negatively modulates the expression of segment-specific functional markers such as 
brush border sucrase, trehalase and glucoaraylase in the intestine and chief cell lipase 
in the stomach. In the lattejr^rgari, the relative abundance of EGF-R in surface 
epithelium and the effect Q|EGF;4t^piemcntation in culture also argues for a role in 
mucus synthesis. In additioriiithTs lfionnonal system is involved in the normal 
maintenance of adult gut tissties (phis inhibition of gastric acid secretion) and it is 
deregulated in cancer (148,149). These facts illustrate that EGF-R and EGF-related 
factors still exert significant developmental activities in the more mature digestive 
tract.. 

According to the literature, multiple ligands for the EGF-R are present in tissues, 
including fetal organs. What would be the relevance of such a heterogeneity in the 
context of gut epithelium development and maintenance? Probably to serve in 
different delivery pathways j^r i.n different physiological responses (see figure 4). 
TGFalpha, for example, likely.re)pr^ents the fetal and paracrine ligand, which is 
synthesized in prolifcTative-^ompaaiinents of human fetal gut (123,163,164) and 
which locally regulates epithelial proliferation/differentiation. This factor activates 
EGF-R and mitogenesis as potently as EGF in vitro (165). It might be of some 
significance in this context that TGFalpha acts more strongly than EGF on cell 
proliferation, motility and branching morphogenesis in specific experimental 
systems (166 plus several studies cited in 148,149) due to differences in ligand 
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processing, receptor down-regulation and, possibly, binding efficiency. The global 
expression of both TGFajphia and cognate EGF-R are simultaneously down- 
regulated in maturing organs while EGF expression increases al the end of gestation 
and experiments realized in mouse provided evidences that these developmental 
changes are under the control of thyroid hormones (167,168). However, expression 
of the TGFalpha protein persists in a number of mature tissues and recent data 
demonstrate that it represents the main form locally produced in proliferative 
compartments of the adult gastrointestinal tract e.g. intestinal crypts and gastric 
glands (123,169-171). There are new evidences that HB-EGF, another agonist of 
EGF-R, might be the autpo jine forf^ expressed by epithelial cells in response to 
environmental factors. It is; expr&sed together with EGF or TGFalpha in many 
tissues (172) and it.is rapiajy up-regulated by EGF-related ligands themselves (173) 
and hy Helicobacter pylori in gastric cells (174). Its expression greatly increases in 
gut-associated carcinomas (175,176). HB-EGF thus represents an immediate early 
gene candidate. Also at the specific level of the human stomach, HB-EGF appears to 
be the main fomi produced by fundic parietal cells and gastrin cells of pyloric glands 
(1 77). Concerning EGF, the prototypical growth factor, it likely represents the long- 
distance acting form released into the gut lumen (a lumone) and one current 
hypothesis is that it would assume a surveillance role by maintaining the integrity of 
gut tissues upon mucosal damage (stimulation of epithelial restihition and 
proliferation)(178J79). ItJs.^m^^ remind, in this regard, earlier data from 

Wright and collaborators (;^0) shci^ ulceration of the mucosal epithelium in 

the human gastrointestinair^Wbtindiiced the development of a novel cell lineage that 
produced neutral mucin and abundant immunoreactive EGF. It is true that EGF 
secreted into the lumen is processed into smaller and less active forms (181,182) and 
that its stability is positively influenced by ingestion of food proteins (1 83, 184). In 
the specific context of gut epithelial development in the human fetus and infant, it 
should be pointed out that EGF may remain bioactive for long periods in gastric and 
intestinal fluids due to the immaturity of pancreatic eazymic function (185) and the 
protecdve effect of milk proteins (186). However, the biological sigmTicance and 
efficiency of luminal binding on epithelial cells (especially in immature gut), the 
controversial identificatipn ofjpw- or high-affinity binding sites on apical 
membranes as well as the involVOTient of a transcytosis mechanism (serosal towards 
luminal or luminal towards serosal) remain to be clarified (148,187). 
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Figure 4. Theoretical model of EGF action on the EGF-R expressing gut epithelum. 
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EGF-related substances (EC^F^-TCT^ HB-EGF) derived from various sources 
would access to EGt^-R at sites of epithelial damage or would be released in a 
paracrine/autocrine fashion at the q)ithelio-mesenchymal interface to participate in 
normal regeneration and differentiation. 

7. PERSPECTIVES 

The overall characteristics of EGF/EGF-R physiology in the developing human 
gastrointestinal tract do not entirely correlate with those found in animal models. The 
expression of the receptor or its ligands may also be altered or subjected to abnormal 
regulatory events in adenqcarcinpma cell lines. For these reasons, it will be 
necessary to establish nonilal h epithelial cell models in order to further our 
understanding of the. specific developmental actions of this growth factor system and 
its modulation during successive stages of epithelial differentiation. 

Concerning the molecular properties of EGF-R activation and regulation, which are 
determined by the level of EGF-R expression and modulated by intracellular kinases, 
it now appears that they depend upon heterodimerization events with EGF-R-related 
receptors expressed in epithelial cells. HER-2, HER-3 and HER-4 (erbB2, erbB3 and 
erbB4 in mouse) are known to bind neuregulin-like substances and differential 
hetcrodimerization of EGF-R with each partner receptor migjit account for distinct 
responses (stimulatory or inhibitory) observed in given cell types (188.189). 
Interestingly, these EGF-Rff^re^cdrji^^ seem to be abundantly expressed in 
human fetal gut comparedVto^th'e adult (190,191) and some evidence for their 
dynarm'c expression in relation with epithelial morphogenesis was recently reported 
(192), At the light of experiments exploring MAP kinase activation kinetics in the 
presence of growth factors alone or growth factors with integrin ligands (87). it is 
now obvious that EGF-R can also synergize with receptors to extracellular matrix 
proteins for inducing an optimal response, Confuming this theory, the growth of 
human colon carcinoma cells was differentially stimulated by TGFalpha on plastic 
and collagen substratum while the induced- formation of crypt-like structures in 3- 
dimensional culture increased the expression of specific integrins (193). Future 
studies must be oriented to ejil|ghten the intracellular events leading to the biological 
effects and to characterize the' mojfecular events underlying the synergism between 
EGF-R and integrin ligancfe specific tp human gastrointestinal epithelial cells. 
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The EGF receptor - an essential regulator of multiple epidermal 
functions. 

Jost M, Kari C, Rodeck U. 

Department of Dennalology and Cutaneous Biology, Institute for Molecular 
Medicine and the- KimmelCancer Center, Thomas Jefferson University 319 
BLSB233 S. lOth^Sj,, Philadelphia, PA 19107. USA. 

Epidermal keratihocytes express both the epidermal growth factor receptor 
(EGFR) and several of its ligands, establishing the constitutive elements of ai 
autocrine loop in this cell type. Activation, of the EGFR provides signals 
essential to several aspects of normal keratinocyte biology including cell eye 
progression, differentiation, cell movement and cellular survival. It may be 
argued that enhanced keratinocyte survival via EGFR aciivalion is ihe most 
important function as it limits the manifestation of other phenotypes. The 
frequent deregulation of EGFR expression and activation in benign and 
malignant hyperpjoHferaUVe ski^ diseases motivates the investigation of 
EGFR-dependent trftracelluto which contribute to the varied EGFI 

dependent pheno typesV ' ' • 
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CASE REPORT 

Follicular and epidermal alterations in patients treated with 
ZD1839 (Iressa), an inhibitor of the epidermal growth factor 
receptor 

R.VAN DOORN. G.KIRTSCHIG, E.SCHEFFER,* T.J.STOOF AND G.GIACCONEt 
Departments of Dermatology, ^Pathology and ^Medical Oncology, Vriie Universitdt Medico! Centre, PO Box 70S7 1007 MB 
AmsUrdam. the Netherlands ' 

Accepted for publicaUoa 18 February 2002 

Summary We report the cutaneous side-effects of 2D1839 (Iressa). a new anticancer agent that acts by 
inhibiting epidermal growth factor (EGP) receptor signal transduction. Three patients receiving 
Zpi839 developed an eruption consisting of follicular papules and pustules in an acneifonn 
distribution as weU as diffuse fine scaling of the skin. Additionally, hair growth abnormalities were 
noted in two patients. Histologically, a superficial purulent folliculitis and disordered differentiation 
with focal parakeratosis were seen. The follicular eruption appeared to respond favourably to 
treatment with tretinoin cream and minocycline. The cutaneous adverse effects of ZD1839 are 
similar to those of other EGF receptor-targeted agents and result from direct inteiference with the 
functions of EGF receptor signalling in the skin. 

Key words: acneifonn erupUon. cutaneous adverse effects, epidermal growth factor receptor 
ZD1839 (Iressa) ' 



ZDI839 (h-essa) is an orally active, selective epidermal 
growth factor (EGF) receptor tyrosine kinase Inhibitor 
that blocks signal transduction pathways implicated in 
the proliferation and survival of cancer cells and other 
host-dependent processes promoting cancer growth.*^ 
EGF receptors are expressed on various cancer cells, as 
wdl as on epidermal keratinocytes and other cells 
residing in the skin. EGF receptor signalling contributes 
to cancer growth primarily by inducing proliferation, 
but also by promoting cell migration and angiogene* 
sis.^ ZD1839 selectively inhibits EGF receptor signal 
transduction by interfering with binding of adenosine 
triphosphate to the intracellular tyrosine kinase region 
of this receptor. It is currently being tested hi phase 
n/ni clinical trials in the treatment of a number of 
solid tumours, in particular non-small cell lung cancer. 
A number of patients included in these trials and 
treated with oral ZD1839 250 or 500 mg daily devel- 
oped a similar cutaneous reaction pattern. 

Correspondeoce: Dr R.van Doom. 
E-mail: renicovaadoom@hotniaiI.coin 
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Case reports 

We examined three patients who experienced cutane- 
ous adverse effects during treatment with ZDI839. In 
ail three patients the cutaneous reaction started 
5-12 days after initiaUon of treatment Patients 
developed numerous discrete small pustules and ery- 
thematous papules confined to the hair foUides 
distributed over the face, trunk and upper arms. This 
was followed by diffuse fine scaling of the interfolll- 
cular epidermis involving the whole integument, 
giving a xerosis-like appearance. No patient had 
nodular or cystic lesions, and notably there was no 
seborrhoea. The lesions healed without formation of 
scars. Patients complained of dry skin and mild to 
severe itching. None used other medications known to 
trigger or exacerbate acneiform eruptions. In the three 
patients described, the cutaneous adverse effects did 
not necessitate reduction of the dose or discontinua- 
tion of treatment with ZD1839. 

In patient 1. a 59-year-old man treated with 
cither 250 or 500 mg daily (blinded) ZD1839 as 
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monotherapy, the acneirorm eruption began on the 
face and spread peripherally within weeks to involve 
the abdomen, forearms and lower legs. Scaling was 
severe and asteatotic eczema was seen on the legs and 
flanks. His scalp hair had changed and was curled, fine 
and brittle. After temporary discontinuation of treat- 
ment for reasons other than cutaneous toxicity, the 
lesions healed without scarring, but reappeared soon 
after treatment was recommenced. The follicular 
lesions responded favourably to treatment with emol- 
lients and minocycline 100 mg daily. 

In patient 2. a 54-year-old woman treated with 
either 250 or 500 mg daily (blinded) ZD1839 as 
monotherapy, in addition to follicular papules and 
pustules, open comedones were present on the chest 
and back (Fig. 1). After progressive worsening of the 
eruption during the first 2 weeks of treatment, a 
spontaneous improvement was noted. As observed in 
the first patient, the hair was finer, more brittle and 
curlier, especially on the extremities. She also com- 
plained of fragility and easy bruising of the skin. We 
treated her with tretinoin 0025% cream, which 
reduced the development of pustules and comedones, 
and allowed continued administration of ZD1839. 

Patient 3. a 59-year-old man, received ZD1839 
500 mg daily in combination with a standard regimen 
of gemcitabine and cisplatin. The follicular lesions 
became confluent, forming eiythematous macules and 
plaques studded with pustules on the forehead (Fig. 2). 
On the upper back both comedones and follicular 
papules were seen. This patient noticed that the growth 
of his beard had slowed down during the treatment. 
Twice daily application of tretinoin 0*025% cream led 




Figure 1. FoUicutar eruption on the chest of a 54-year-old woman 
treated with ZD1839 (paUent 2). 




Figure 2. Pustules on an erythematous base as well as scaling of the 
interfollicular epidennis on the forehead of a 59-year-oId man treated 
with ZD1839 500 mg daily in combinaUon with a standard regimen 
of gemcitabine and cisplatin (patient 3). 



to Improvement of the follicular lesions, but aggravated 
the scaling of the skin. 

Laboratory investigations 

Bacterial and fungal cultures of the pustular contents 
showed Propionibacterium acnes in patient 2 and 
absence of pathogenic micro-organisms in patients 1 
and 3. The total blood count did not show eosinophilia 
or other alterations In any patient. 

Histology 

Three skin biopsies taken from pustular lesions of 
patients 1 and 3 showed similar histological changes. 
Diflerent stages of a purulent folliculitis were seen. Most 
follicles were surrounded by an infiltrate composed of 
lymphocytes and histiocytes. The superficial portion of 
some follicles was densely infiltrated by neutrophilic 
granulocytes with partly fragmented nuclei and histio- 
cytes (Fig. 3). The formation of follicular pustules was 
often accompanied by a remarkable absence of the 
follicular epithelial lining. In more advanced lesions 
there was destruction of the follicle with perifollicular 
granuloma formation, dermal oedema and vasodilata- 
tion. The sebaceous glands were relatively small and 
were not affected by the infiltrate. No micro-organisms 
were found. The epidermis showed more subtle chang- 
es: the stratum comeum had lost Its basket*weave 
appearance, and was thin and compact with varying 
parakeratosis. There was somewhat irregular epider- 
mal diflerentiation with slight hypogranulosis. but no 
evident atrophy. 
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Figure 3. Photomicrograpfa from a pustule on the back, demon- 
stratiDg a follicle filled with partly degenerated neutrophilic granu- 
locytes and histiocytes (patient 1; haematoxylln and eosln; original 
magnification x 10). 



Discussion 

The skin eruption observed in these patients treated 
with the EGF receptor inhibitor ZD1839 consisted of 
follicular papules and pustules in an acneiform distri- 
bution and dilTuse fine scaling of the skin. Hair growth 
abnormalities were noted in two patients. Histology of 
the skin lesions revealed a purulent folliculitis as well as 
slightly irregular epidermal diflerehtiation. SimUar 
cutaneous adverse effects have been observed in other 
patients treated with EGF receptor-targeted therapies. 
In a phase II trial of the EGF receptor tyrosine kinase 
inhibitor OSI-774. a maculopapular acneiform rash 
was observed in 78% of patients.^ In addition, cancer 
patients treated with C225 (cetuximab). an anti-EGF 
receptor monoclonal antibody, developed an acneiform 
follicular eruption very similar to that seen in patients 



treated with ZD1839/^ In patients treated with 
ZD 18 39 it has been reported that the frequency of 
development of the pustular eruption is dose-depen- 
dent.^ These observations support our conclusion that 
the cutaneous adverse effects seen in these patients are 
not primarily immunologically mediated but represent 
the results of inhibition of EGF receptor signal trans- 
duction in epidermal and follicular epithelium. This 
cutaneous reaction pattern therefore reflects the sig- 
nificance of the EGF signalling pathway hi skin. 

In human skin the EGF receptor is expressed by basal 
epidermal keratin ocytes, outer root sheath cells and 
sebocytes.^^ Its activation by several keratinocyte- 
derived ligands stimulates prollferaUon and reduces 
the susceptibility to apoptosis." Furthermore, in the 
epideimis activation of the EGF receptor reduces the 
terminal differentiation capacity of basal keratinocytes. 
but promotes diiferentiation of suprabasal keratino- 
cytcs." Inhibition of the EGF receptor tyrosine kinase 
in vitro induces human keratinocyte growth arrest and 
terminal differentiation.^^ The epidermal alterations 
demonstrated in our patients, clinically apparent as 
diffuse fine scaling, are consistent with these in vitro 
findings in that they reflect a disturbance of the 
equilibrium between prolfferation and differentiation. 

In the hair follicle the EGF receptor-ligand system has 
an essential role in regulation of the hair cycle, as 
activation of the EGF receptor stimulates transition 
from anagen to catageri.** Mice harbouring a targeted 
disruption of the EGF receptor allele display short and 
wavy hair that becomes progressively atrophic, even- 
tuaUy resulting in alopecia. The hair follicles in 
these mice do not progress from anagen to telogen and 
are specifically destroyed by an inflammatory infiltrate. 
The hair growth abnormalities and folUculitis observed 
In some patients treated with ZD1839 display an 
analogy to the findings in these transgenic mice and 
could thus result from inhibition of hair cycle progres- 
sion. However, the precise mechanism by which 
inhibition of EGF receptor signalling induces a purulent 
folliculitis has yet to be elucidated. 

The follicular eruption mduced by ZD1839 has many 
similarities with acne vulgaris and we therefore decided 
to treat it empirically with tretinoin cream in two 
patients and minocyclin in one patient. The follicular 
eruption responded favourably to both of these treat- 
ments, although application of tretinoin cream wors- 
ened the scaling of the skin. 

Further studies are warranted to elucidate the 
mechanisms by which EGF receptor-targeted thera- 
pies, such as ZD1839. induce this cutaneous reaction. 



© 2002 British AssodaUon of Dermatologists. British Journal ofDtrmatalogy, 147. 598-601 



CUTANEOUS SIDE-EFFECTS OF ZD1839 60 



firstly to permit a more natural approach to its 
treatment and secondly because it could provide 
informaUon on the physiological role of EGF receptor 
signalling in human skin. In addition, the possible 
use of ZD1839 in the treatment of skin diseases In 
which activity of the EGF receptor-ligand system is 
increased, such as certain skin tumours and psoriasis, 
deserves further attention. 
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Abgenix Reaffirms Optimism Regarding ABX-EGF 

FREMONT, Ca!lf.-(BUSINESS WIRE)-Aug. 20. 2002-Abgenix. Inc. (NasdaorABGX - News ) commented today on 
the unusually large volume of trading in Its common stock yesterday, apparently triggered by Astra Zeneca's 
announcement that Us small-molecule drug. Iressa. does not provide improvement in survival when added to 
standard chemotherapy versus chemotherapy alone in the first line treatment of advanced non-small cell lung cancer 
(NSCLC). Abgenix* fully human nrranoclonal antibody product candidate, ABX-EGF, is cunrentJy being tested in clinical 
trials both as monotherapy and In combination with standard chemotherapy in several types of cancer, including 
colorectal cancer and NSCLC. Due to the following differences between ABX-EGF and the small molecule dmgs 
targeting the epidermal growth factor receptor (EGFr), the company believes that expectations about the results of 
the ongoing ABX-EGF trials should not be based on the Iressa results announced yesterday. ABX-EGF has not 
shown dose limiting toxicity, while the small molecule dmgs targeting the EGFr are dose-limited by the occun-ence of 
severe diantiea. The cun-ent dose of ABX-EGF has been set at the level that results in 100% of patients achieving an 
acnelfonm skin rash that suggests full blockade of the EGFr ABX-EGF has demonstrated low phamiacokinetic inter- 
patient variability resulting in consistent exposure of each patient to the drug. Small molecule dmgs targeting the 
EGFr pathway are eliminated from the body by enzymes, such as p450, that are also involved in the elimination of 
some small molecule chemotherapy dmgs. Therefore other small molecule dmgs may Interfere with the rate at which 
a small molecule EGFr-targeting agent is eliminated, but are highly unlikely to interfere with the rate of elimination of 
an antibody, which leaves the body by a different mechanism (mediated by the EGF receptors). In earty phase 
studies ABX-EGF has shown single agent biological activity in patients with advanced renal cell cancer. "We continue 
to believe in the importance of the EGF receptor as a target for drug development," said Raymond Withy, Ph.D., 
president and chief executive officer of Abgenix. "We remain optimistic about the potential of ABX-EGF for patients 
with a variety of cancer types and look fonvard to the upcoming results of our ongoing clinical trials." ABX-EGF is a 
fully human monoclonal antibody generated using XenoMousefTM) technology that targets the EGFr, which is over- 
expressed in a variety of cancers including lung, breast, bladder, prostate, colorectal, kidney and head and neck 
cancer. It has been demonstrated that cancer cells can become dependent on growth signals mediated through the 
EGFr for their survh/al. In preclinical research. ABX-EGF monotherapy has been shown to both eradicate established 
human tumors and block the growth of human tumors, ABX-EGF Is being co-developed by Abgenix, Inc. and Amgen 
Inc. and Is cun-ently being evaluated in a comprehensive Phase 2 program in several indications including kidney, 
non-small ceil lung, colorectal and prostate cancer. 

Abgenix is a biopharmaceutical company focused on the development and commercialization of human therapeutic anSbodies. The 
compan/s technology platform, which includes XenoMouse® and XenoMax(TM) technologies, enad/es the rapid generation and selection 
of high affinity, fully human antibody product candidates to a variety of disease targets, Abgenix leverages its leadership position in human 
antibody technology by building a diversified product portfolio through the development of its own internal proprietary products and through 
the establishment of licensing arrangements with multiple pharmaceutical, biotechnology and genomics companies, F^r more information on 
Abgenix, visit the compan/s website at www^abgenix.com . Statements made in this press release about Abgenik's te^nologies, product 
development adhHties and collaborative arrangements other than statements of historical fact, are forward looking statements and are 
sudjecf to a number of uncertainties that could cause actual results to differ materially from the statements made, induding risks associated 
with the success of clinical trials, the progress of research and product devetopment programs; the regulatory approval process, competitive 
products, future capital requiren)ents and the extent and breadth ofAbgenix's patent portfolk>. P/ease see Abgenix's public filings with the 
Securities and exchange Commissksn for information about risks that may affect Abgenix. Contact: Abgenbc, Inc. Ami Knoefler, 510/284- 
6350 
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P.O.Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

The original appeal brief was timely submitted on June 14, 2006. This revised brief is 
submitted in response to the Notification of Non-CompHant Appeal Brief, mailed August 29, 2006,, 
for which a response was due September 29, 2006. Filed herewith is a Petition and fee for a two 
months extension of tirile, extending the deadline for response to November 29, 2006. Accordingly, 
this brief is timely filed. All issues noted in the Notification have bee addressed. 

Copies of the Appendices B and C were previously submitted with the original appeal brief, 
and copies are included herewith. 
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I. REAL PARTY IN INTEREST 

The real party in interest for this appeal is Agensys, Inc., 1545 17th Street , Santa Monica, 
CA 90404. 

II. RELATED APPEALS, INTERFERENCES, AND JUDICIAL PROCEEDINGS 

Applicants have appealed the final rejection issued in U.S. Patent Application No. 
10/024,652, which is the parent of the present case. There are no other appeals, interferences, or 
judicial proceedings which will directly affect or be directly affected by or have a bearing on the 
Board's decision in this appeal. 

III. STATUS OF CLAIMS 

There are 7 claims pending in application. Claims 78, 80-82 and 89-91 are pending and 
stand rejected. Claims 1-77, 79, 83-88 and 92-99 have been canceled. The claims on appeal are 
claims 78, 80-82,89-91. 

IV. STATUS OF AMENDMENTS 

Applicant filed an Amendment After Final Rejection on October 27, 2005. The Examiner 
responded to the Amendment After Final Rejection in an Advisory Action mailed 
February 1 5, 2006. In the Advisory Action, the Examiner indicated that Applicants* proposed 
amendments to the pending claims are entered. Accordingly, the claims in Appendix A 
incorporates the amendments indicated in the paper filed by Applicant on October 27, 2005. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The subject matter of the pending claims relates to a method for inhibiting growth or 
survival of a prostate cancer cell expressing the 108P5H8 protein by providing an antibody or 
fragment thereof which specifically bind to the protein. The utility of this method turns on the 
usefiilness of the antibodies used therein. Applicants have asserted that antibodies against the 
108P5H8 protein are usefiil to treat cancer of the prostate, for example, by serving as a delivery 
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vehicle by which cytotoxic agents can be administered to a prostate cancer patient. Whether the 
antibodies bind to non-cancerous prostate cells in the prostate cancer patient is not a relevant 
inquiry, because the prostate is a disposable organ. 

VL GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The sole issue on appeal is whether the subject matter of the pending claims is supported by 
either a credible, specific and substantial asserted utility, or a well-established utility. The 
companion rejection under 35 U.S.C. § 112, first paragraph for an alleged lack of enablement 
depends entirely on the rejection under 35 U.S.C. § 101. Thus, resolution of the utility rejection 
simultaneously resolves the rejection for an alleged lack of enablement. 

VII. ARGUMENT 

A. Applicants have Asserted a Credible, Specific and Substantial Utility, which is 
Supported by Experimental Data Presented in the Specification and During 
Prosecution 

For the purposes of prosecution and now for the present appeal, Applicants assert that the 
claimed method is usefijl to treat prostate cancer by inhibiting the growth or survival of prostate 
cancer cells by providing the cell with an antibody or fragment thereof that binds to a particular 
target protein presented on prostate cancer cells. 

[A] specification disclosure which contains a teaching of the manner and process of 
making and using the invention in terms which correspond in scope to those used in 
describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first paragraph of § 112 unless there is 
reason to doubt the objective truth of the statements contained therein which must be 
relied on for enabling support. In re Brana, 51 F.3d 1560 (CAFC 1995), citing In re 
Marzocchh 58 CCPA. 1069, 439 F,2d 220, 223, 169 U.S.RQ, (BNA) 367, 369 (CCPA 
1971)(emphasis added). 

The usefiilness of such a method turns on the usefulness of the antibodies used in the 
method. The specification is replete with explicit assertions regarding the utility of antibodies 
raised against the 108P5H8 protein for the treatment of prostate cancer. For example: 
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"The invention fiirther provides antibodies that bind to 108P5H8 proteins and polypeptide 
fragments thereof, including polyclonal and monoclonal antibodies, murine and other 
mammalian antibodies, chimeric antibodies, humanized and fully human antibodies, and 
antibodies labeled with a detectable marker or therapeutic agent." Paragraph [0028] of the 
published application. 

Additional examples of disclosure within the specification alleging a therapeutic utility for 
antibodies against the 108P5H8 protein are found in paragraphs [0212], [0216], [0298]-[0303], and 
[0371] of the published application. 

The robust disclosure filed in this case includes other assertions of utility, such as the use of 
antibodies which recognize the 108P5H8 protein for diagnostic purposes. However, these 
assertions are not presently asserted by Applicants. Furthermore, whether or not these alternative 
assertions of utility are operative is of no relevance to the present issue because they are not being 
asserted. Moreover, assertion of even a single, legally sufficient utility is enough to satisfy the 
statutory requirement. See, e.g., Raytheon v. Roper, 724 F.2d 951, 958, 220 USPQ 592, 598 (Fed, 
Cir. 1983), cert, denied, 469 U.S. 835 (1984) ("When a properly claimed invention meets at least 
one stated objective, utility under 35 U.S.C. 101 is clearly shown."); M.P.E.P. § 2107.02. 

The cited portions of the specification provided above clearly indicate that Applicants have 
asserted at least one use for the claimed subject matter. 

B. Applicants have Provided Sufficient Evidence to Demonstrate the Utility of the 
Claimed Invention 

To satisfy the enablement requirement an applicant need only supply enough evidence to 
convince one of ordinary skill in the art that there exists a "sufficient likelihood" that the claimed 
invention possesses the asserted utility. See, e.g., Brenner v. Manson, 383 U.S. 519, 532 (1966); In 
reJolles, 628, F.2d 1322, 1326 (CCPA, 1980) citing In re Irons, 340 F,2d 974 (CCPA, 1965) 
("Proof of utility is sufficient if it is convincing to one of ordinary skill in the art."). "The amount 
of evidence required depends on the facts of each individual case. The character and amount of 
evidence needed may vary, depending on whether the alleged utility appears to accord with or to 
contravene established scientific principles and beliefs. Id, (citations omitted). As discussed below, 
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Applicants have provided sufficient evidence to convince one of ordinary skill in the art that the 
presently claimed invention is useful for its intended purpose. 

1 . Evidence of Utility in the Specification 

There is sufficient evidence in the application as filed to support the asserted utility for the 
claimed invention. Applicants noted in the Response to final Office Action mailed October 27, 
2005 that the data in Figure 21 and discussed in Example 8 of the specification indicates that 
antibodies made against the 108P5H8 protein were capable of binding to the protein expressed on 
the surface of prostate cancer cells. Figure 21 shows LNCaP and LAPC4 cells that were subjected 
to flow cytometric and fluorescence microscopic analysis of 108P5H8 expression using an anti- 
108P5H8 polyclonal antibody or control rabbit IgG. Fluorescence was monitored following 
incubation with an FITC-conjugated anti-rabbit IgG secondary antibody. The detected fluorescence 
on the surface of the target cells clearly indicates that the 108P5H8 protein is expressed on the 
surface of these cells. Based on this evidence, it would be clear to one of ordinary skill in the art 
that 108P5H8 proteins encoded by and translated fi-om the mRNA detected in the target cells have 
substantial utility as a marker which can be used to target antibodies to prostate cancer cells. The 
binding of the antibodies to the target cells will inhibit cell growth or survival, for example by 
bringing a therapeutic agent proximate to the cell or by inducing compliment to attack the cell 
decorated with the antibodies. 

In addition to this evidence, Example 8 also discusses evidence of antibody binding to the 
target protein shown in Figures 22-24. Furthermore, Examples 50 and 51 also discuss using 
antibody-mediated histochemical procedures to detect the presence of the 108P5H8 marker protein 
on the surface of prostate cancer cells. 

This data taken as a whole is more than sufficient to provide one of ordinary skill in the art 
that the disclosed antibodies would bind to the 108P5H8 protein on the surface of prostate cancer 
cells. Specifically, the data shows that antibodies labeled with a marker are capable of targeting 
prostate cancer cells and therefore are capable of inhibiting growth or survival of a prostate cancer 
cell that expresses the target protein. The data also shows that the utility asserted by Applicants 
does not contravene established scientific principles and beliefs. As such, Applicants submit that 
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the quantum of proof provided in the specification is more than sufficient to satisfy the utility 
requirement. 

2. Evidence of Utility Provided During Prosecution 

In addition to the data disclosed in the specification which indicates the utility of the claimed 
invention, Applicants provided declaratory evidence in support of the asserted utility during the 
prosecution of the present case. First, Applicants offered the declaration of Dr. Karen Jane Meyrick 
Morrison under Rule 1.132. This declaration showed immunohistochemistry data where prostate 
tumor samples were tested with a polyclonal antibody which bound to SEQ ID NO: 2570, a form of 
the 108P5H8 protein. The staining of the tumor sample clearly showed the test antibody bound to 
the target antigen. This data clearly demonstrates that the protein recited in the claims is recognized 
and bound by antibodies such as those recited in the claims. 

Second, Applicants offered the declaration of Dr. Steven B. Kanner to demonstrate that the 
expression of the target protein by normal prostate as well as cancerous prostate cells did not 
undermine the utility of the invention. A number of therapeutic antibodies that cross-react with 
normal tissues are on the market, such as Herceptin® and Erbitux®, and enjoy substantial 
commercial success. For example, it is known in the art that these antibodies cross-react with 
normal tissues other than the targeted cancer tissue, such as cardiac tissue. Nevertheless, both of 
these products enjoy immense commercial success. The declaration of Dr. Steven B. Kanner shows 
that one of ordinary skill in the art would not have thought the presently claimed antibodies to lack 
utility since other therapeutic antibodies that cross react with normal tissues were useful therapeutic 
agents. Moreover, Dr. Kanner's declaration clearly demonstrates that the use of an antibody that 
cross-reacts with normal tissue does not contravene established scientific principles and beliefs. 

In view of the above. Applicants submit that declaratory evidence provided during 
prosecution both supports Applicants' assertion of utility and shows that cross reactivity with 
normal tissue does not undermine the utility of the claimed subject matter. 
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C. The Asserted Utility is Credible, Specific and Substantial 

Once a utility has been asserted it is the Office's initial burden to establish whether a skilled 
artisan would consider the asserted utility to be credible, specific and substantial. See In re Brana at 
1566. The Examiner has failed to meet this initial burden. Nevertheless, Applicants describe in 
detail below how the asserted utility for the claimed invention is credible, specific and substantial. 

1. Credible Utility 

"To violate [35 U.S.C.] 101 the claimed device must be totallv incapable of achieving a 
useful result ." Brooktree Corp. v. Advanced Micro Devices, Inc., 977 F,2d 1555, 1571, (Fed. Cir. 
1992) (emphasis added). As discussed in the M.P.E.P. at section 2107.01, situations where an 
invention is completely inoperative are rare and examples where the rejection has been upheld on 
appeal are rarer still. The Office alleged that the asserted utility is not credible but has not stated 
why one of ordinary skill in the art would believe that the invention was completely inoperative . 
The data provided in the specification as well as by declaratory evidence shows that antibodies 
made against the protein of interest are capable of binding to prostate cancer cells and therefore the 
method is fimctional. Thus, there is sufficient evidence to support the asserted utility. 

The Examiner alleged that because the target protein is expressed on both normal and 
cancerous prostate cells, one of ordinary skill in the art would doubt the usefulness of antibodies 
against the 108P5H8 in the claimed method. However, the Kanner declaration shows that the 
concept of using an antibody for treating cancer is well established, even when that antibody cross- 
reacts with normal tissue. Additionally, given the disposable nature of the prostate organ, cross- 
reactivity of the antibody with normal and cancerous prostate cells would not be viewed by those of 
ordinary skill in the art as being detrimental to the utility of the claimed antibodies. In view of this 
showing, Applicants submit that those of ordinary skill in the art would, more likely than not 
recognize the presentiy asserted utility as credible. 



sd-346185 



Application No.: 10/280,711 



8 



Docket No.: 511582002501 



2. Specific Utility 

"[A] specific utility is particular to the subject matter claimed and would not be applicable to 
a broad class of invention." In re Fisher, 421 F.3d 1365, 1372 (CAFC 2005) {citing MPEP 
§2107.01). In Fisher the court noted, "[a]ny EST transcribed from any gene in the maize genome 
has the potential to perform any one of the alleged uses." Id. at 1375. Such is not the case here. 
Applicants have presented data that the claimed antibodies bind specifically to the 108P5H8 protein, 
thus this protein can be used to target cells that express it. Because the protein is expressed on 
cancerous prostate cells, antibodies that recognize that protein will target those cancerous prostate 
cells. In view of the specific relationship existing between the protein and it presence on cancerous 
prostate cells, the presently asserted utility for antibodies that bind the 108P5H8 protein as a 
treatment for prostate cancer is sufficiently specific to satisfy this prong of the test. 

3. Substantial Utility 

A substantial utility is one that defines a "real world" or a "practical" use. In re Brana at 
1371; MPEP §2107.01. '"Practical utility' is a shorthand way of attributing 'real-world' value to 
claimed subject matter. In other words, one skilled in the art can use a claimed discovery in a 
manner which provides some immediate benefit to the public." Nelson v. Bowler, 626 F.2d 853, 
856 (C.C.P.A. 1980) Any reasonable use asserted by an applicant that provides a public benefit 
"should be accepted as sufficient, at least with regard to defining a 'substantial' utility." MPEP 
§2107.01, see also Nelson at 856. Moreover, "[k]nowledge of the pharmacological activity of any 
compound is obviously beneficial to the public." Nelson at 856. 

As a preliminary matter. Applicants have asserted that the claimed antibodies are usefiil as a 
therapeutic agent for treating prostate cancer. It is upon this assertion that the issue of utility tums. 
In the Advisory Action, the Examiner has improperly intermingled therapeutic and diagnostic uses 
of the claimed antibodies in her analysis of the issues. Applicants are not presently asserting a 
diagnostic use for the claimed subject matter. As such, criticisms of such a use are not relevant to 
determining whether the claimed subject matter is useful as a therapeutic agent for the treatment of 
prostate cancer. 
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The Examiner alleged, for example in the Advisory Action, that there is evidence that the 
target protein could be expressed in both normal and cancerous prostate. The Examiner goes on to 
allege that one of ordinary skill in the art would not be able to use the claimed antibodies to treat 
prostate cancer if there is not differential expression of the target protein between noimal and 
cancerous prostate cells. Applicants disagree with the Examiner. There is nothing in the record or 
in the art as a whole that would lead one of ordinary skill in the art that the presently claimed 
invention lacked a substantial utility. As discussed above, other anti-tumor antibodies cross-react 
with normal tissue and yet are effective in the treatment of cancer. As such, this criticism is 
insufficient to support a lack of utility rejection. In view of the data provided in the specification as 
well as the art-recognized need for additional' prostate cancer markers, Applicants submit that the 
specification clearly asserts a substantial utility for the claimed invention. 

D. Differential Expression of the 1 08P5H8 Protein is Not Required for the Claimed 
Invention to be Usefiil 

The heart of the Examiner's allegation that the claimed antibodies lack utility lies with the 
observation that Applicants have not provided any evidence that the target protein 108P5H8 is 
overexpressed in cancer cells as compared to normal cells. Contrary to the Examiner's position, 
overexpression of the target protein on prostate cancer cells versus normal cancer cells is not 
necessary for the claimed antibodies to be useful as a therapeutic agent. This is because the prostate 
is a disposable organ, so the claimed antibodies need not be able to differentiate between normal 
and cancerous prostate cells to be useful. Thus, the presence or absence of differential expression is 
not relevant to the question of utility for the claimed invention. 

Overexpression of the target protein is not required for the claimed antibodies to be usefijl as 
a therapeutic because the prostate is a disposable organ. If a patient has cancer in an organ that is 
essential for life, say liver cancer for example, then ideally the cancer therapy used to treat the 
patient will not unnecessarily target non-cancerous tissue.' A therapy that indiscriminately targets 



' Applicants note that whether a claimed composition or method is safe or even effective fiom a 

medical standpomt is not part of the test for utility. See. e.g., In re Anthony, 414 F.2d 1383 (CCPA 1969) and In re 
frflr^o«,517F.2d465CCPA1975),bothcitedin/«/-eyo//e., 628F.2dl322 1326. ^ '^'O^'; ana/« re 
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normal tissue would likely to cause more harm than good. However, the prostate is not an essential 
organ. 

Those of ordinary skill in the art recognize that the prostate is a completely disposable 
organ, meaning that a human male can live without a functioning prostate. This point is supported 
by the common practice of surgically removing cancerous prostates from individuals diagnosed 
with prostate cancer. (See the National Cancer Institute's web site at 

http://www.cancer.gOv/cancertopics/pdq/treatment/prostate/Patient/page4#Keypointl4). Thus, it is 
not necessary for the claimed antibodies to be able to distinguish between normal prostate cells and 
cancerous prostate cells that display the target protein, since the killing of normal prostate cells will 
not negatively impact the patient. In view of the disposable nature of the prostate, it is not 
necessary to demonstrate overexpression of the target protein in cancerous prostate cells to 
demonstrate that the claimed method is useful. 

Moreover, the Federal Circuit has cautioned that the test for utility is not the same test as 
that for drug approval. In re Brana at 1567. Additionally, whether a claimed invention has been 
shown to be safe for human use is similarly not part of the test for utility. In fact, the CCPA has 
held that claims may satisfy the utility requirement despite a lack of safety. In re Jolles, 628 F.2d 
1322, 1325-1326 (CCPA 1980). All that is required to prove utility is evidence adequate to show a 
sufficient likelihood of success. The evidence discussed above provides that modicum of proof. As 
such, the present rejection for an alleged lack of utility should be withdrawn and the claims 
advanced to issuance. 

Conclusion 

The threshold of utility is not high under 35 U.S.C. § 101; an invention is useful if it is 
merely capable of providing some identifiable benefit. Juicy Whip. Inc. v. Orange Bang, Inc., 51 
U.S.P.Q.2d 1700, 1702 (Fed. Cir. 1999) (citing Brenner v. Hanson, 383 U.S. 519, 534 (1966)). 
Applicants have satisfied the statutory requirement for demonstrating that the claimed invention is 
useful. Evidence supporting the utility of the invention is present both in the specification as filed 
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as well as in the prosecution history. The evidence proffered is more than adequate to support the 
utility asserted by Applicants. As such, the Board is respectfully requested to overturn the present 
rejection and advance the case to issuance. 

VIII. CLAIMS APPENDIX 

A copy of the claims involved in the present appeal is attached hereto as Appendix A. As 
indicated above, the claims in Appendix A includes the amendments filed by Applicant on 
October 27, 2005. 

IX. EVIDENCE APPENDIX 

Copies of the Morrison and Kanner Declarations are provided at Appendix B. 

X. RELATED PROCEEDINGS APPENDIX 

A copy of the revised Appeal Brief filed in U.S. Patent Application No. 10/024,652 is 
provided at Appendix C. Appendices to the revised 10/024,652 Brief are exact duplicates to those 
submitted in the present application and are not enclosed. 

Dated: November 20, 2006 Respectfiilly submitted, 




,-^^egisJrati6nNo.: 44,957 
MORRISON & FOERSTER LLP 
12531 High Bluff Drive 
Suite 100 

San Diego, California 92130-2040 
(858) 720-7940 
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APPENDIX A 

Claims Involved in the Appeal of Application Serial No. 10/280,71 1 

78. A method for inhibiting growth or survival of a prostate cancer cell expressing a 

a 

protein having an amino acid sequence of SEQ ID NO: 2570, comprising : 

providing to the cell a composition comprising an antibody or fragment thereof that 

specifically binds to said protein having an amino acid sequence of SEQ ID NO: 2570; 
whereby the growth, survival, or growth and survival of the cell is inhibited. 

80. The method of claim 78, wherein said antibody is a monoclonal antibody. 

8 1 . The method of claim 78, wherein the antibody or fragment thereof is selected from 
the group consisting of Fab, F(ab')2, Fv and sFv. 

82. The method of claim 78, wherein the antibody is labeled with an agent. 

89. The method of claim 82, wherein the agent is selected from the group consisting of 
radioisotopes, chemotherapeutic agents, and toxins. 

90. The method of claim 89, wherein the radioisotope is selected from the group 
consisting of ^^^At, ^^^I, *^^I, ^^Y, ^^^Re, *^*Re, '^^Sm, ^*^Bi, ^^P and radioactive isotopes of Lu. 

91 . The method of claim 78, wherein the antibody is a single-chain monoclonal 
antibody. 
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